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(57) The present invention provides an electron 
^ beam apparatus for irradiating a sample with primary 
^ electron beams to detect secondary electron beams 
(O generated from a surface of the sample by the irradiation 
^ for evaluating the sample surface. In the electron beam 

apparatus, an electron gun has a cathode for emitting 
J primary electron beams. The cathode includes a plural- 

ity of emitters for emitting primary electron beams, ar- 

Q. 
UJ 



ranged apart from one another on a circle centered at 
an optical axis of a primary electro-optical system. The 
plurality of emitters are arranged such that when the plu- 
rality of emitters are projected onto a straight line paral- 
lel with a direction in which the primary electron beams 
are scanned, resulting points on the straight line are 
spaced at equal inten/als. 
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Description 

TECHNICAL FIELD 

[0001 ] The present inventio n relates to a technique for 
testing or inspecting a property or aspect of a sample 
such as a wafer. In more detail, the present invention 
relates to an electron beam apparatus applicable to a 
defect detection and/or line width measurement of a wa- 
fer during a semiconductor manufacturing process and 
so on, in which electron beams are in-adiated to a sam- 
ple, secondary electrons emitted from the sample and 
varying according to a property of the sample surface 
are captured, and image data is created therefrom to 
evaluate pattems on the sample surface with a high 
throughput on the basis of the image data. The present 
invention also relates to an evaluation system and a 
semiconductor device manufacturing method^ both of 
which utilize the electron beam apparatus, in the 
present description, the meaning of the temn "evalua- 
tion" of a sample also includes the meaning of "inspec- 
tion" such as defect detection and line width measure- 
ment of a sample. 

BACKGROUND ART 

[0002] In semiconductor processes, design rules are 
now going to enter the era of 100 nm, and the production 
scheme is shifting from small-kind mass production rep- 
resented by DRAM to a multi-kind small production such 
as SOC (silicon on chip). Associated with this shifting, 
thenumberof manufacturing steps has been increased, 
and an improved yield of each process Is essential, so 
that testing for defects caused by the process becomes 
important. 

[0003] With the trend of increasingly higher integra- 
tion of semiconductor devices and finer patterns, a need 
exists for high resolution, high throughput testing appa- 
ratuses. A resolution of 100 nm or less Is required for 
examining defects on a wafer of 100 nm design rule. 
Also, as manufacturing steps are increased in response 
to the requirement of higher integration of devices, the 
amount of testing is increased and thus a higher 
throughput is required. Further, as devices are formed 
of an increased number of layers, testing apparatuses 
are required to have the ability to detect defective con- 
tacts (electric defect) of vias which connect lines on lay- 
ers to each other. While optical defect testing appara- 
tuses are mainly used at present, it is anticipated that 
electron beam based defect testing apparatuses will 
substitute for optical defect testing apparatus as a dom- 
inant testing apparatus in the future from a viewpoint of 
the resolution and defective contact testing capabilities. 
However, the electron beam based defect testing appa- 
ratus also has a disadvantage In that it is inferior to the 
optical one in the throughput. For this reason, a need 
exists for the development of a high resolution, high 
throughput electron beam based testing apparatus 



which is capable of electrically detecting defects. 
[0004] It is said that the resolution of an optical defect 
testing apparatus is limited to one half of the wavelength 
of used light, and the limit is approximately 0.2 \irrt in an 

5 example of practically used optical defect detecting ap- 
paratus which uses visible light. On the other hand, in 
electron beam based systems, scanning electron micro- 
scopes (SEM) have been commercially available. The 
scanning electron microscope has a resolution of 0.1 ^m 

10 and takes a testing time of eight hours per 20 cm wafer. 
The electron beam based system also has a significant 
feature that It Is capable of testing electric defects (bro- 
ken lines, defective conduction of lines, defective con- 
duction of vias, and so on). However, it takes so long 

15 testing time that it is expected to develop a defect testing 
apparatus which can rapidly conduct a test. Further, a 
testing apparatus is expensive and low In throughput as 
compared with other process apparatuses, so that It is 
presently used after critical steps, such as after etching, 

20 deposition (including copper coating), CMP (chemical- 
mechanical polishing) planarization processing, and so 
on. 

[0005] A testing apparatus In accordance with an 
electron beam based scanning (SEM) scheme will be 

25 described. An SEM based testing apparatus narrows 
down an electron beam which is linearly irradiated to a 
sample for scanning. The diameter of the electron beam 
corresponds to the resolution. On the other hand, by 
moving a stage In a direction perpendicularto a direction 

30 in which the electron beam is scanned, a region under 
observation is tow-dimensionaily irradiated with the 
electron beam. In general, the width over which the elec- 
tron beam is scanned, extends over several hundred 
nm. Secondary electron beams emitted from the sample 

35 by the irradiation of the focussed electron beam (called 
the "primary electron beam") are detected by a combi- 
nation of a scintillator and a photomultlplier (photomul- 
tiplier tube) or a semiconductor based detector (using 
PIN diodes). The coordinates of irradiated positions and 

"to the amount of the secondary electron beams (signal 
strength) are combined to generate an image which is 
stored In a storage device or output on a CRT (Braun 
tube). The foregoing is the principle of SEM (scanning 
electron microscope). From an image generated by this 

45 system, defects on a semiconductor (generally, Si) wa- 
fer is detected In the middle of a manufacturing proce- 
dure. A detecting speed con'esponding to the through- 
put, is determined by the intensity of a primary electron 
beam (current value), a size of a pixel, and a response 

50 speed of a detector. Currently available maximum val- 
ues are 0.1 ixm for the beam diameter (which may be 
regarded as the same as the resolution), 100 nA for the 
current value of the primary electron beam, and 100 
MHz for the response speed of the detector, in which 

55 case it is said that a testing speed is approximately eight 
hours per wafer of 20 cm diameter. Therefore, there ex- 
ists a problem that a testing speed is significantly low in 
comparison with that In an optica! based testing appa- 
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ratus. For instance, the fornier testing speed is 1/20 or 
less of the latter testing speed. 
[0006] If a beam current is increased in order to 
achieve a high throughput, a satisfactory SEM Image 
cannot be obtained in the case of a wafer having an in- 
sulating membrane on its surface because charging oc- 
curs. 

[0007] As another method for improving an inspection 
speed, in terms of which an SEM system is poor, there 
have been proposed SEM systems (multi-beam SEM 
systems) and apparatuses employing a plurality of elec- 
tron beams. According to the systems and apparatuses, 
an inspection speed is improved in proportion to the 
number of electron beams. However, as a plurality of 
primary electron beams impinge obliquely on a wafer 
and a plurality of secondary electron beams are pulled 
from the wafer obliquely, only secondary electrons re- 
leased obliquely from the wafer are caught by a detector. 
Further, a shadow occasionally appears on an image 
and secondary electrons from a plurality of electron 
beams are difficult to separate from one another, which 
disadvantageously results in a mix of the secondary 
electrons. 

[0008] Still further, there has been no suggestion or 
consideration about an interaction between an electron 
beam apparatus and other sub-systems in an evaluation 
system employing a multi-beam based electron beam 
apparatus and thus, at present there aren't any com- 
plete evaluation systems of a high throughput. In the 
meantime, as a wafer to be inspected becomes greater, 
sub-systems must be redesigned to accommodate to a 
greater wafer, a solution for which has not yet been sug- 
gested either. 

DISCLOSURE OF THE INVENTION 

[0009] The present invention has been accomplished 
with a view to obviating the aforementioned problems of 
prior art and therefore, it is an object of the present in- 
vention to provide an evaluation system employing an 
SEM electron beam apparatus of a multi-beam type and 
especially an evaluation system capable of improving a 
throughput of inspection processing. 
[0010] It is another object of the present invention to 
provide an SEM electron beam apparatus of a multi- 
beam type capable of improving not only a throughput 
of inspection processing but also detection accuracy 
[001 1 ] It is still another object of the present invention 
to provide a method of manufacturing semiconductor 
devices, according to which a semiconductor wafer can 
be evaluated by utilizing such an electron beam appa- 
ratus or evaluation system as mentioned above In^e- 
spective of whether it is in the middle of a fabrication 
process or upon completion of a fabrication process. 
[0012] In order to achieve the above objects, the 
present invention is constituted as follows. That is, a plu- 
rality of primary electron beams (multi-beam) are em- 
ployed to scan a sample in the one-dimensional direc- 



tion (X direction). The primary electron beams pass 
through an ExB filter (Wien filter) to impinge perpendic- 
ularly upon the surface of the sample, and secondary 
electrons released from the sample are separated from 

5 the primary electron beams by the ExB filter to be pulled 
obliquely in relation to the axis of the primary electron 
beams to converge or form an image on a detection sys- 
tem by means of a lens system. Then, a stage is moved 
in the perpendicular direction (Y direction) with respect 

10 to the primary electron beam scanning direction (X di- 
rection) to obtain continuous images. 
[0013] When the primary electron beams pass 
through the ExB filter, a condition (Wien condition) 
where the force applied to the electron beams from the 

15 electrical field is equal to the force applied from the mag- 
netic field and the directions of the forces are opposite, 
is set so that the primary electron beams go straight. On 
the other hand, since the secondary electrons and the 
primary electron beams advance in the opposite direc- 

20 tions, the directions of the forces applied to the second- 
ary electrons from the electrical field and magnetic field 
are the same and thus, the secondary electrons are de- 
flected from the axial direction of the primary electron 
beams. As a result, the primary electron beams and sec- 

25 ondary electron beams are separated from each other. 
When electron beams pass through an ExB filter, aber- 
ration is larger if the electron beams curve than if the 
electron beams travel straight. Given that, the optical 
system of the present invention is designed in such a 

30 manner as to cause primary electron beams, which re- 
quire low aberration, to go straight and cause secondary 
electron beams ^ which do not necessarily require low 
aberration, to deflect. 

[0014] A detection system of the present invention 

35 consists of detectors respectively corresponding to pri- 
mary electron beams, which are arranged such that a 
secondary electron deriving from its corresponding pri- 
mary electron beam Impinges on the coaesponding de- 
tector by means of an image-formation system, whereby 

40 Interaction of signals, that is, cross-talk can be substan- 
tially reduced. As a detector, a combination of a scintil- 
lator and a photomultiplier, a PIN diode, etc. may be em- 
ployed. In the electron beam apparatus according to one 
embodiment of the present invention, sixteen primary 
electron beams are employed and a beam current of 
20nA having a beam diameter of 0. 1 ^m is obtained from 
each of them and therefore, a value of current obtained 
from the sixteen electron beams in the electron beam 
apparatus is three times as great as that obtained from 

so the commercially available apparatus at present. 
[001 5] Further, an electron gu n f or the electron beam 
apparatus of the present Invention uses a thermal cath- 
ode as an electron beam source, and LaB6 is employed 
as an electron emitting material (emitter). Other materi- 

55 als may be used as long as they have a high melting 
point (low steam pressure at high temperatures) and 
small work function. In the present invention, two differ- 
ent ways of providing multiple electron beams are em- 
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ployed. One is to pull one electron beann from an emitter 
(with one protrusion) and pass the electron beam 
through a thin plate with a plurality of apertures, thereby 
obtaining a plurality of electron beams. The other is to 
provide an emitter with a plurality of protrusions and pull s 
a plurality of electron beams directly from the protru- 
sions. The both ways make use of the properties of an 
electron beam that an electron beam is more easily 
emitted from the tip of a protrusion. Electron beams from 
an electron beam source employing other methods, for io 
example, thermal field emission type electron beams 
may be employed. A thermal electron beam source uses 
a system for heating an electron emission material to 
emit electrons, whereas a thermal field emission elec- 
tron beam source uses a system for applying a high is 
electric field to an electron emission material to emit 
electrons and further heating an electron beam emis- 
sion portion to stabilize electron emission. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

[0016] 

Fig. 1 1s an elevation view illustrating major compo- 
nents of an evaluation system according to the 25 
present invention. 

Fig. 2 is a plan view illustrating major components 
of the evaluation system indicated in Fig. 1 seen 
from above along the tine in B-B in Fig. 1 ; 
Fig. 3 illustrates a relationship between a wafer 30 
transfer chamber and a loader; 
Fig. 4 is a cross section of the mini environment de- 
vice shown in Fig. 1 taken along the line C-C in Fig. 
1; 

Fig. 5 illustrates the loader housing indicated in Fig. 35 
1 seen along the line D-D In Fig. 2; 
Fig. 6 is an enlarged view of the wafer rack, in which 
Fig. 6[A] is a side view thereof and Fig. 6[B] is a 
cross section thereof taken along the line E-E in Fig. 
6[A]; 40 
Fig. 7 illustrates a variation of a method of support* 
ing a main housing; 

Fig. 8 schematically illustrates an embodiment of an 
electron beam apparatus concerning the present in- 
vention, which can be applied to the evaluation sys- 45 
tern indicated in Fig. 1 ; 

Fig. 9[A] illustrates an arrangement of apertures 
bored on a multi-aperture plate used in primary and 
secondary optical systems of the electron beam ap- 
paratus shown in Fig. 8, and Fig. 9[B] depicts a so 
mode of primary electron beam scanning; 
Figs. 1G[A] and 10[B] illustrate embodiments of an 
ExB separator applicable to the electron beam ap- 
paratus concerning the present invention; 
Fig . 1 1 illustrates a potential appi ication system ap- ss 
plicable to the electron beam apparatus concerning 
the present Invention; 

Fig. 12 illustrates an electron beam calibration 



mechanism applicable to the electron beam appa- 
ratus concerning the present invention, in whteh 
Fig. 12[A] is a side view thereof and Fig. 12[B] is a 
plan view thereof; 

Fig. 1 3 schematically illustrates a device for control- 
ling an alignment of wafers, whrch Is applicable to 
the electron beam apparatus concerning the 
present invention; 

Fig. 14 Illustrates a relationship between an X-Y 
stage and a charged particle beam irradiation 
means of an electron optical system in a conven- 
tional electron beam apparatus; 
Fig. 15 illustrates the state of the bottom of the X-Y 
stage indicated in Fig. 14; 
Fig. 16 illustrates a relationship between an X-Y 
stage and a charged particle beam irradiation 
means of an electron optical system according to 
an embodiment of an electron beam apparatus of 
the present Invention; 

Fig. 17 Illustrates a relationship between an X-Y 
stage and a charged particle beam irradiation 
means of an electron optical system according to 
another embodiment of an electron beam appara- 
tus of the present invention; 
Fig. 18 illustrates a relationship between an X-Y 
stage and a charged particle beam irradiation 
means of an electron optical system according to 
still another embodiment of an electron beam ap- 
paratus of the present invention; 
Fig. 19 illustrates a relationship between an X-Y 
stage and a charged particle beam Irradiation 
means of an electron optical system according to 
further another embodiment of an electron beam 
apparatus of the present invention; 
Fig. 20 illustrates a relationship between an X-Y 
stage and a charged particle beam irradiation 
means of an electron optical system according to 
still another embodiment of an electron beam ap- 
paratus of the present invention; 
Fig. 21 illustrates a relationship between an X-Y 
stage and a charged partk:le beam irradiation 
means of an electron optical system according to 
still another embodiment of an electron beam ap- 
paratus of the present invention; 
Fig. 22 illustrates an operation emission mecha- 
nism installed in the embodiment indicated in Fig. 
21; 

Fig. 23 illustrates a gas circulation piping mecha- 
nism installed in the embodiment indicated in Fig. 
21; 

Fig. 24 schematically illustrates an embodiment of 

an electron optical system contained In an electron 

beam apparatus of the present invention; 

Fig. 25 illustrates an example of an anrarigement of 

emitter chips constituting an electron gun employed 

in an electron optical system of an electron beam 

apparatus of the present invention; 

Fig. 26 illustrates another example of an arrange- 
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ment of emitter chips constituting an electron gun 
employed in an electron optical system of an elec- 
tron beam apparatus of the present invention; 
Fig. 27 Illustrates still another example of an ar- 
rangement of emitter chips constituting an electron s 
gun employed in an electron optical system of an 
electron beam apparatus of the present invention; 
Fig. 28 schematically illustrates another embodi- 
ment of an electron optical system contained in an 
electron beam apparatus of the present invention; 
Fig, 29 is a plan view of a cathode tip portion (emit- 
ter) of an electron gun applicable to an electron op- 
tical system contained in an electron beam appara- 
tus of the present invention; 

Fig. 30 is a side view of the cathode shown in Fig. is 
29; 

Fig. 31 is a plan view of a cathode tip portion of an 
electron gun applicable to an electron optical sys- 
tem installed in an electron beam apparatus of the 
present invention; 20 
Fig. 32 is a side view illustrating a relationship be- 
tween an emitter of the cathode shown in Fig. 31 
and a Wehnelt; 

Fig. 33 is a cross section illustrating an alignment 
mechanism for aligning an emitter of a cathode with 25 
an opening of a Wehnelt; 

Fig. 34[A] is a plan view of a cathode tip portion of 

an electron gun applicable to an electron optical 

system contained in an electron beam apparatus 

concerning the present invention, and Fig. 34[B] is 30 

a side view of emitters thereof; 

Fig. 35 is a side view of the cathode shown in Fig. 

34; 

Figs. 36[A] and 36[B] are plan and side views of a 
machine tool for machining an emitter of the cath- 35 
ode shown in Figs. 34 and 35; 
Fig. 37 is a plan view of a Wehnelt constituting, to- 
gether with the cathode shown in Fig. 34, an elec- 
tron gun; 

Fig. 38 is a cross sectional view showing the state 
where the cathode shown in Fig. 34 and the Weh- 
nelt shown in Fig. 37 are combined; 
Fig. 39[A] is a plan view of a cathode tip portion of 
an electron gun applicable to an electron optical 
system contained in an electron beam apparatus 45 
concerning the present invention, and Figs. 39[B] 
and 39[C] are side views of emitters thereof; 
Fig. 40 is an illustration showing that when emitters 
consisting of the plurality of protrusions shown in 
Fig. 41 are projected on the X-axis, the protnjsions so 
show up at equal spaces; 
Fig. 41 is a side view of an electron gun In which 
the cathode shown in Fig. 39 is incorporated; 
Fig. 42[A] is a plan view of a cathode tip portion of 
an electron gun applicable to an electron optical ss 
system contained in an electron beam apparatus of 
the present invention, and Fig. 42[B] is a side view 
of emitters thereof; 



Fig. 43 schematicaily illustrates another embodi- 
ment of an electron beam apparatus of the present 
invention; 

Fig. 44 is across section of multi-beam emitted from 
an electron gun of an electron optical system con- 
tained in the electron beam apparatus shown in Fig. 
43 on the X-Y plane perpendicular to the optical ax- 
is; 

Fig. 45 is an illustration explaining a principle ac- 
cording to which infomnation about a location deep- 
er than the surface of a sample such as a wafer, etc. 
is obtained; 

Fig. 46 is a graph representing a relationship be- 
tween primary electron energy and secondary elec- 
tron energy generated by the primary electron en- 
ergy; 

Fig. 47 schematically illustrates another embodi- 
ment of an electron beam apparatus of the present 
invention; 

Fig. 48 schematically Illustrates still another embod- 
iment of an electron beam apparatus of the present 

invention; 

Fig. 49 shows a layout of standard marks mounted 
on an X-Y stage of the electron beam apparatus 
shown in Fig. 48; 

Fig. 50 shows waveforms representing a signal 
contrast in the case that electron beams of various 
beam diameters scan the standard marks by means 
of the electron beam apparatus shown in Fig. 48; 
Fig. 51 schematically illustrates further another em- 
bodiment of an electron beam apparatus of the 
present invention; 

Fig. 52 is an illustration explaining measurement of 
an amount of radiation by an electron beam appa- 
ratus of the present invention; 
Fig. 53 schematically illustrates still another embod- 
iment of an electron beam apparatus of the present 
invention; 

Fig. 54 is a plan view showing an arrangement of 
devices on a single wafer; 
Fig. 55 schematically illustrates still another embod- 
iment of an electron beam apparatus of the present 
invention; 

Fig. 56 schematically illustrates further another em- 
bodiment of an electron beam apparatus of the 
present invention; 

Fig. 57 is a functional block diagram indicating a de- 
fect detection means (evaluation means) of the 
electron beam apparatus shown in Fig. 56; 
Fig. 58 is a flow chart that depicts the process of 
detecting defects conducted in an electron beam 
apparatus concerning the present invention; 
Fig. 59 is an illustration explaining defect detection 
by means of comparison between dies, measure- 
ment of a line width, measurement of voltage con- 
trast in the defect detection process described in 
Fig. 58; 

Fig. 60 schematically illustrates still another embod- 
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iment of an electron beam apparatus concerning 
the present invention; 

Fig. 61 is a flow chart depicting a main routine in the 
case of wafer inspection conducted by means of the 
electron beam apparatus shown in Fig. 60; 
Fig. 62 is a conceptual diagram of a plurality of re- 
gions to be inspected, which are staggered and par- 
tially overlapped on a wafer, 
Fig. 63 illustrates a plurality of images to be inspect- 
ed, which are obtained by an electron beam appa- 
ratus concerning the present invention, and a refer- 
ential image; 

Fig. 64 is a flow chart that depicts the process of 
obtaining data about an image to be inspected, 
which is a sub-routine of the main routine indicated 
in Fig. 61 ; 

Fig. 65 is a flow chart depicting a comparison proc- 
ess, which is a sub-routine of the main routine indi- 
cated in Fig. 61; 

Fig. 66 is a flow chart that depicts the process of 
inspection (evaluation) concerning the present in- 
vention; 

Fig. 67 is a flow chart depicting a method of fabri- 
cating a semiconductor device concerning the 
present invention; and 

Fig. 68 is a flow chart depicting the details of the 
lithography process indicated in Fig. 67. 

BEST MODE FOR IMPLEMENTING THE INVENTION 

[0017] In the following, embodiments of a evaluation 
system according to the present invention will be de- 
scribed in a case that evaluation samples are semicon- 
ductor substrates or wafers having patterns on surfaces 
thereof. It should be noted that samples other than the 
wafer are applicable. 

[0018] Figs. 1 and 2 respectively shows a cross-sec- 
tional and plan views illustrating main components of 
evaluation system 1 according to an embodiment of the 
present invention. The evaluation system 1 comprises 
a cassette holder 1 0 for holding a cassette which stores 
a plurality of wafers; a mini-environment chamber 20; a 
main housing 30; a loader housing 40 disposed between 
the mini-environment chamber 20 and the main housing 
30 to define two loading chambers; a loader 60 for load- 
ing a wafer from the cassette holder 10 (onto a stage 
apparatus 50 disposed in the main housing 30); the 
stage apparatus 50 for carrying and moving the wafer 
W; and an electro-optical system 70 installed in the vac- 
uum main housing 30. These components are arranged 
in a positlonat relationship as illustrated in Figs. 1 and 
2. The evaluation system further comprises a pre- 
charge unit 81 disposed in the vacuum main housing 
30; a potential applying mechanism 83 (see in Fig. 11) 
for applying a wafer with a potential; an electron beam 
calibration mechanism 85 (see in Fig. 12); and an optical 
microscope 871 which forms part of an alignment con- 
troller 87 for aligning the wafer on the stage apparatus 



50. 

[0019] Constitutions of the main components (sub- 
system) will next be explained in detail. 

5 Cassette Holder 10 

[0020] The cassette holder 1 0 is configured to hold a 
plurality (two in this embodiment) of cassettes c (for ex- 
ample, closed cassettes such as SMIF, FOUR manufac- 
tured by Assist Co.) in which a plurality (for example, 
twenty-five) wafers are placed side by side in parallel, 
oriented in the vertical direction. The cassette holder 1 0 
can be arbitrarily selected for installation adapted to a 
particular loading mechanism. Specifically, when a cas- 
sette is automatically loaded into the cassette holder 1 0 
by a robot or the like, the cassette holder 10 having a 
structure adapted to the automatic loading can be in- 
stalled. When a cassette is manually loaded into the 
cassette holder 10, the cassette holder 10 having an 
open cassette structure can be installed, in this embod- 
iment, the cassette holder 10 is a type adapted to the 
automatic cassette loading, and comprises, for exam- 
ple, an up/down table 11, and an elevating mechanism 
12 for moving the up/down table 11 up and down. The 
cassette c can be automatically set onto the up/down 
table 11 in a state indicated by chain lines in Fig. 2. After 
the setting, the cassette c is automatically rotated to a 
state indicated by solid lines in Fig. 2 so that it is directed 
to the axis of pivotal movement of a first carrier unit with- 
in the mini-environment chamber 20. In addition, the up/ 
down table 11 is moved down to a state indicated by 
chain lines In Fig. 1 . In this way, since the cassette hold- 
er 1 0 for use in automatic loading, or the cassette holder 
1 0 for use in manual loading may be both implemented 
by those in known structures, detailed description on 
their structures and functions are omitted. 
[0021] Fig. 3 shows a modification to a mechanism for 
automaficalfy loading a cassette. A plurality of 300 mm 
wafers W are contained in a slotted pocket (not shown) 
fixed to the inner surface of a chamber 501 for carriage 
and storage. This wafer canying section 24 comprises 
a chamber 501 of a squared cylinder, a wafer carrying 
in/out door 502 connected to the chamber 501 and an 
automatic opening apparatus for a door at a substrate 
canying in/out aperture positioned at a side of the cham- 
ber 501 and capable of opening and closing mechani- 
cally the aperture, a cap 503 positioned in opposite to 
the aperture for covering an aperture for the purpose of 
detachably mounting filers and fan motors, and a slotted 
pocket 507 for holding a wafer W. In this embodiment, 
the wafers are can-ied in and out by means of a robot 
type carrying unit 612 of the loader 60. 
[0022] It should be noted that wafers accommodated 
in the cassette c are subjected to testing which Is gen- 
erally performed after a process for processing the wa- 
fers or in the middle of the process within semiconductor 
manufacturing processes. Specifically, accommodated 
in the cassette are wafers which have undergone a dep- 
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osition process, CMP, ion implantation and so on; wa- 
fers each formed with wiring patterns on the surface 
thereof; or wafers which have not been formed with wir- 
ing patterns. Since a large number of wafers accommo- 
dated in the cassette c are spaced from each other in 
the vertical direction and arranged side by side in par- 
allel, and the first carrier unit has an ami which is verti- 
cally movable, a wafer at an arbitrary position can be 
held by the first carrier unit which will be described later 
in detail. 

Mini-Environment Device 20 

[0023] In Fig. 4 shows an elevation of the mini-envi- 
ronment device 20 in a direction different to that in Fig. 
1 . As illustrated in Fig. 4 as well as Figs. 1 and 2, the 
mini-environment device 20 comprises a housing 22 de- 
fining a mini-environment space 21 that is controlled for 
the atmosphere; a gas circulator 23 for circulating a gas 
such as clean air within the mini-environment space 21 
to execute the atmosphere control; a discharger 24 for 
recovering a portion of air supplied into the mini-envi- 
ronment space 21 to discharge it; and a prealigner 25 
for roughly aligning a sample, i.e., a wafer placed in the 
mini-environment space 21 . 

[0024] The housing 22 has a top wall 221 , bottom wall 

222, and peripheral wall 223 which surrounds four sides 
of the housing 22, to provide a structure for isolating the 
mini-environment space 21 from the outside. For con- 
trolling the atmosphere in the mini-environment space 
21 , as Illustrated in Fig. 4, the gas circulator 23 compris- 
es a gas supply unit 231 attached to the top wall 221 
within the mini-environment space 21 for cleaning a gas 
(air in this embodiment) and delivering the cleaned gas 
downward through one or more gas nozzles (not shown) 
In laminar flow; a recovery duct 232 disposed on the bot- 
tom wall 222 within the mini-environment space for re- 
covering air which has flown down to the bottom; and a 
conduit 233 for connecting the recovery duct 232 to the 
gas supply unit 231 for returning recovered air to the gas 
supply unit 231. 

[0025] In this embodiment, the gas supply unit 231 
takes about 20% of air to be supplied, from the outside 
of the housing 22 to clean the air in the mini-environment 
space 21. However, the percentage of gas taken from 
the outside may be arbitrarily selected. The gas supply 
unit 231 comprises an HEPA or ULPA filter in a known 
structure forcreating cleaned air. The laminar down-flow 
of cleaned air is mainly supplied such that the air passes 
a carrying surface fomned by the first carrier unit (which 
is described later) disposed within the mini-environment 
space 21 to prevent particle particles, which could be 
produced by the cannier unit, from attaching to the wafer. 
Therefore, the down-flow nozzles need not be posi- 
tioned near the top wall as illustrated, but is only required 
to be above the carrying surface fomned by the carrier 
unit. In addition, the air is not supplied over the entire 
mini-environment space 21 . It should be noted that an 



ion wind may be used as cleaned air to ensure the clean- 
liness. Also, a sensor may be provided within the mini- 
environment space 21 for observing the cleanliness 
such that the apparatus is shut down when the cleanll- 

5 ness is degraded. An access port 225 is f ornied in a por- 
tion of the peripheral wall 223 of the housing 22 that is 
adjacent to the cassette holder 10. A gate valve in a 
known structure may be provided near the access port 
225 to shut the port from the mini-environment device 

10 20. The laminar down-flow near the wafer may be. for 
example, at a rate of 0.3 to 0.4 m/sec. The gas supply 
unit 231 may be disposed outside the mini-environment 
space 21 instead of within the space. 
[0026] The discharger 24 comprises a suction duct 

IS 241 disposed at a position below the wafer carrying sur- 
face of the carrier unit and below the earner unit; a blow- 
er 242 disposed outside the housing 22; and a conduit 
243 for connecting the suction duct 241 to the blower 
242. The discharger 24 aspires a gas flowing down 

20 around the carrier unit and including particle, which 
could be produced by the carrier unit, through the suc- 
tion duct 241 . and discharges the gas outside the hous- 
ing 22 through the conduits 243, 244 and the blower 
242. In this event, the gas may be discharged into an 

25 pumping pipe (not shown) which is laid to the vicinity of 
the housing 22. 

[0027] The prealigner 25 disposed within the mini-en- 
vironment space 21 optically or mechanically detects an 
orientation flat (which refers to a flat portion fomried 

30 along the outer periphery of a circular wafer and here- 
under called as ori-fia) formed on the wafer, or one or 
more V-shaped notches fonmed on the outer peripheral 
edge of the wafer, and previously aligns the position of 
the waver in a rotating direction about the axis 0.,-0., at 

35 an accuracy of approximately ± one degree. The prea- 
ligner forms part of a mechanism for detenmlning the co- 
ordinates of the wafer, and executes a rough alignment 
of the wafer. Since the prealigner itself may be of a 
known structure, explanation on its structure and oper- 

40 ation is omitted. Though not shown, a recovery duct for 
the discharger may also be provided below the prealign- 
er so that air including particle discharged from the pre- 
aligner, may be discharged to the outside. 

^5 Main Housing 30 

[0028] As illustrated in Figs. 1 and 2, the main housing 
30 which defines the woridng chamber 31 , comprises a 
housing body 32 that is supported by a housing support- 

50 ing device 33 carried on a vibration isolator 37 disposed 
on a base frame 36. The housing supporting device 33 
comprises a frame structure 331 assembled into a rec- 
tangular form. The housing body 32 comprises a bottom 
wall 321 mounted on and securely carried on the frame 

55 structure 331 ; a top wall 322; and a peripheral wall 323 
which is connected to the bottom wall 321 and the top 
wall 322 and surrounds four sides of the housing body 
32, thereby isolating the working chamber 31 from the 
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outside. In this embodiment, the bottom wall 321 is 
made of a relativefy thick steel plate to prevent distortion 
due to the weight of equipment carried thereon such as 
the stage apparatus 50. Alternatively, another structure 
may be employed. In this embodiment, each of the 
housing body 32 and the housing supporting device 33 
is assembled into a rigid construction, and the vibration 
isolator 37 blocks vibrations from the floor, on which the 
base frame 36 is installed, from being transmitted to the 
rigid structure. A portion of the peripheral wall 323 of the 
housing body 32 that adjoins the loader housing 40 is 
formed with an access port 325 for introducing and re- 
moving a wafer. 

[0029] The vibration isolator may be either of an active 
type which has an air spring, a magnetic bearing and so 
on, or a passive type likewise having these components. 
Since any known structure may be employed for the vi- 
bration isolator, description on the structure and func- 
tions of the vibration isolator itself is omitted. The work- 
ing chamber 31 is kept in a vacuum atmosphere by a 
vacuum system (not shown) in a known structure. A con- 
troller 2 for controlling the operation of the overall evac- 
uation system is disposed below the base frame 36. 
[0030] In the evaluation system 1 , some housings in- 
cluding the main housing 30 are kept in vacuum atmos- 
phere. A system for evaporating such a housing com- 
prises a vacuum pump, vacuum valve, vacuum gauge, 
and vacuum pipes, and evaporates the housing such as 
an electro-optical system portion, detector portion, wa- 
fer housing, load lock housing or the like, in accordance 
with a predetermined sequence. The vacuum valves are 
adjusted to kept a required vacuum level of the hous- 
ings. Further, the vacuum levels are always monitored, 
and when an abnormal vacuum level is detected, an in- 
terlock function enables isolation valves to shut dawn 
the path between chambers or between a chamber and 
a pumping system to kept the required vacuum level of 
the housing. As to the vacuum pump, a turiao-molecular 
pump can be utilized for main evacuation, and a dry 
pump of a Roots type can be utilized for rough evacua- 
tion. The pressure at a test location (electron beam ir- 
radiated region) is 10*3 to 10*5 pa. Preferably, pressure 
of 10-* to 10-6 Pa is practical. 

Loader Housing 40 

[0031 ] Fig. 5 shows an elevation of the loader housing 
40, In view of the direction different to that In Fig. 1 . As 
illustrated in Fig. 5 as well as Figs. 1 and 2. the loader 
housing 40 comprises a housing body 43 which defines 
a first loading chamber 41 and a second loading cham- 
ber 42. The housing body 43 comprises a bottom wall 
431 ; a top wall 432; a peripheral wall 433 which sur- 
rounds four sides of the housing body 43; and a partition 
wall 434 for partitioning the first loading chamber 41 and 
the second loading chamber 42 to Isolate the two load- 
ing chambers from the outside. The partition wall 434 is 
formed with an aperture, i.e., an access port 435 for 



passing a wafer W between the two loading chambers. 
Also, a portion of the peripheral wall 433 that adjoins the 
mini-environment device 20 and the main housing 30, 
is fonned with access ports 436, 437. The housing body 

5 43 of the loader housing 40 is carried on and supported 
by the frame structure 331 of the housing supporting de- 
vice 33. This prevents the vibrations of the floor from 
being transmitted to the loader housing 40 as well. 
[0032] The access port 436 of the loader housing 40 

10 Is in alignment with the access port 226 of the housing 
22 of the mini-environment devk:e 20, and a gate valve 
27 is provided for selectively blocking a communication 
between the mini-environment space 21 and the first 
loading chamber 41. The gate valve 27 has a sealing 

15 member 271 which surrounds the peripheries of the ac- 
cess ports 226, 436 and is fixed to the side wall 433 in 
close contact therewith; a door 272 for blocking air from 
flowing through the access ports in cooperation with the 
sealing material 271; and a driver 273 for moving the 

20 door 272. Likewise, the access port 437 of the loader 
housing 40 is in alignment with the access port 325 of 
the housing body 32, and a gate valve 45 is provided for 
selectively blocking a communication between the sec- 
ond loading chamber 42 and the working chamber 31 in 

25 a hermetic manner. The gate valve 45 comprises a seal- 
ing member 451 which sun'ounds the peripheries of the 
access ports 437, 325 and is fixed to side walls 433, 323 
in close contact therewith; a door 452 for blocking air 
from flowing through the access ports in cooperation 

30 with the sealing material 451 ; and a driver 453 for mov- 
ing the door 452. Further, the opening formed through 
the partition wall 434 is provided with a gate valve 46 for 
closing the opening with the door 461 to selectively 
blocking a communication between the first and second 

35 loading chambers in a hennetic manner. These gate 
valves 27, 45, 46 are configured to provide air-tight seal- 
ing for the respective chambers when they are in a 
closed state. Since these gate valves may be imple- 
mented by conventional ones, detailed description on 

40 their structures and operations is omitted. It should be 
noted that a method of supporting the housing 22 of the 
mini-environment chamber 20 is different from a method 
of supporting the loader housing 40. Therefore, for pre- 
venting vibrations from being transmitted from the floor 

^5 through the mini-environment chamber 20 to the loader 
housing 40 and the main housing 30, a vibration-absorp- 
tion damper member may be disposed between the 
housing 22 and the loader housing 40 to provide air-tight 
sealing for the peripheries of the access ports. 

50 [0033] Within the first loading chamber 41, a wafer 
rack 47 is disposed for supporting a plurality (two in this 
embodiment) of wafers spaced in the vertical direction 
and maintained in a horizontal state. As illustrated in Fig. 
6, the wafer rack 47 comprises posts 472 fixed at four 

55 comers of a rectangular substrate 471 , spaced from one 
another, in an upright state. Each of the posts 472 is 
formed with supporting devices 473, 474 in two stages, 
such that peripheral edges of wafers W are carried on 
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and held by these supporting devices. Then, bottonDs of 
arms of the first and second carrier units, later de- 
scribed, are brought closer to wafers from adjacent 
posts and chuck the wafers. 

[0034] The loading chambers 41 , 42 can be controlled 
for the atmosphere to be maintained In a high vacuum 
state (at a vacuum degree of 10"^ to 10"^ Pa) by a vac- 
uum evacuator (not shown) in a conventional stmcture 
including a vacuum pump, not shown. In this event, the 
first loading chamber 41 may be held in a low vacuum 
atmosphere as a low vacuum chamber, while the sec- 
ond loading chamber 42 may be held in a high vacuum 
atmosphere as a high vacuum chamber, to effectively 
prevent contamination of wafers. The employment of 
such a loading housing structure including two loading 
chambers allows a wafer W to be carried, without sig- 
nificant delay from the loading chamber the working 
chamber The employment of such a loading chamber 
structure provides for an improved throughput for the 
defect testing, and the highest possible vacuum state 
around the electron source which is required to be kept 
in a high vacuum state. 

[0035] The first and second loading chambers 41 . 42 
are connected to vacuum pumping pipes and vent pipes 
for an inert gas (for example, dried pure nitrogen) (nei- 
ther of whfeh are shown), respectively. In this way, the 
atmospheric state within each loading chamber is at- 
tained by an inert gas vent (which Injects an inert gas to 
prevent an oxygen gas and so on other than the inert 
gas from attaching on the surface). Since an apparatus 
Itself for Implementing the inert gas vent is known In 
structure, detailed description thereon is omitted. 
[0036] In the main housing 30 of the invention using 
electron beams, when representative lanthanum hexab- 
orate (LaBg) used as an electron source for an electro- 
optical system, later described, is once heated to such 
a high temperature that causes emission of thermal 
electrons, it should not be exposed to oxygen within the 
limits of possibility so as not to shorten the lifetime. In 
the invention, the exposure to oxygen can be prevented 
without fail by carrying out the atmosphere control as 
mentioned above at a stage before introducing the wafer 
W into the working chamber of the main housing in 
whk:h the electro-optical system 70 is disposed. 

Stage apparatus 50 

[0037] The stage apparatus 50 comprises a fixed ta- 
ble 51 disposed on the bottom wall 321 ofthe main hous- 
ing 30; a Y-table 52 movable in a Y direction on the fixed 
table (the direction vertical to the drawing sheet in Fig. 
1); an X-table 53 movable in an X direction on the Y- 
table 52 (in the left-to-right direction in Fig. 1 ); a tumtable 
54 rotatable on the X-table; and a holder 55 disposed 
on the turntable 54. A wafer Is releasably held on a wafer 
carrying surface 551 ofthe holder 55. The holder 55 may 
be of a conventional structure which Is capable of re- 
leasably chucking a wafer by means of a mechanical or 



electrostatic chuck feature. The stage apparatus 50 us- 
es servo motors, encoders and a variety of sensors (not 
shown) to operate the above tables to pennit highly ac- 
curate alignment of a wafer held on the can7ing surface 
5 551 by the holder 55 in the X direction, Y direction and 
Z-directlon (the Z-directlon is the up-down direction in 
Fig. 1) with respect to electron beams irradiated from 
the electro-optical system 70, and in a direction (0 direc- 
tion) about the axis nomnal to the wafer supporting sur- 
10 face. The alignment in the Z-direction may be made 
such that the position on the canylng surface 551 of the 
holder 55, for example, can be finely adjusted in the Z- 
direction. In this event, a reference position on the car- 
rying surface is sensed by a position measuring device 
15 using a laser of an extremely small diameter (a laser 
interference range finder using the principles of interfer- 
ometer) to control the position by a feedback circuit (not 
shown). Additionally or alternatively, the position of a 
notch or an orientation flat of a wafer is measured to 
sense a plane position or a rotational position of the wa- 
fer relative to the electron beam to control the position 
of the wafer by rotating the tumtable 54 by a stepping 
motor which can be controlled in extremely small angu- 
lar increments. It may be possible to remove the holder 
55 and carry a wafer W directly on the rotational table. 
In order to maximally prevent particle produced within 
the working chamber, servo motors 531, 531 and en- 
coders 522, 532 for the stage apparatus 50 are disposed 
outside the main housing 30. Since the stage apparatus 
50 may be of a conventional structure used, for exam- 
ple, in steppers and so on, detailed description on its 
structure and operation is omitted. Likewise, since the 
laser interference range finder may also be of a conven- 
tional one, detailed description on its structure and op- 
eration is omitted. 

[0038] It IS also possible to establish a basis for sig- 
nals which are generated by previously Inputting a rota- 
tional position, and X-Y-positions of a wafer relative to 
the electron beams in a signal detecting system or an 
image processing system, later described. The wafer 
chucking mechanism provided In the holder 55 is con- 
figured to apply a voltage for chucking a wafer to an elec- 
trode of an electrostatic chuck, and the alignment is 
made by pinning three points on the outer periphery of 
the wafer (preferably spaced equally in the circumferen- 
tial direction). The wafer chucking mechanism compris- 
es two fixed aligning pins and a push-type clamp pin. 
The clamp pin can implement automatic chucking and 
automatic releasing, and constitutes a conducting spot 
for applying the voltage. 

[0039] While in this embodiment, the X-table is de- 
fined as a table which is movable in the left-to-right di- 
rection in Fig. 6(a); and the Y-table as a table which is 
movable in the up-down direction, a table movable in 
the left-to-right direction in Fig. 2 may be defined as the 
Y-table; and a table movable in the up-down direction 
as the X-table. 
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Loader 60 

[0040] The loader 60 comprises a robot-type first car- 
rier unit 61 disposed within the housing 22 of the mini- 
environment chamber 20; and a robot-type second car- 5 
rier unit 63 disposed within the second loading chamber 
42. 

[0041 ] The first carrier unit 61 comprises a multi-node 
arm 612 rotatable about an axis O^O^ with respect to 
a driver 611 . While an arbitrary structure may be used io 
for the multi-node arm, the multi-node ami in this em- 
bodiment has three parts which are pivotably attached 
to each other. One part of the arm 61 2 of the first carrier 
unit 61 , i.e., the first part closest to the driver 611 is at- 
tached to a rotatable shaft 61 3 by a driving mechanism 15 
(not shown) of a conventional structure, disposed within 
the driver 611 . The arm 612 is pivotable about the axis 
0^-0^ by means of the shaft 613, and radially telescopic 
as a whole with respect to the axis OyO^ through rela- 
tive rotations among the parts. At a bottom of the third 20 
part of the arm 612 furthest away from the shaft 613, a 
chuck 61 6 in a conventional structure for chucidng a wa- 
fer, such as a mechanical chuck or an electrostatic 
chuck, is disposed. The driver 611 is movable in the ver- 
tical direction by an elevating mechanism 61 5 of a con- 25 
ventional structure. 

[0042] The first carrier unit 61 extends the ami 61 2 In 
either a direction Ml or a direction M2 (Fig. 2) within two 
cassettes c held in the cassette holder 1 0, and removes 
a wafer accommodated in a cassette c by carrying the 30 
wafer on the arm or by chuck bing the wafer with the 
chuck (not shown) attached at the bottom of the arm. 
Subsequently, the arm is retracted (in a state as illus- 
trated in Fig. 2), and then rotated to a position at which 
the arm can extend in a direction M3 toward the prea- 35 
Iigner25, and stopped at this position. Then, the ann is 
again extended to transfer the wafer held on the ami to 
the prealigner 25. After receiving a wafer from the pre- 
aligner 25. contrary to the foregoing, the arm is further 
rotated and stopped at a position at which It can extend ^0 
to the second loading chamber 41 (In the direction M4), 
and transfers the wafer to a wafer receiver 47 within the 
second loading chamber 41 . For mechanically chuck 
bing a wafer, the wafer should be chuck bed on a pe- 
ripheral region (in a range of approximately 5 mm from 
the peripheral edge). This is because the wafer is 
fomied with devices (circuit patterns) over the entire sur- 
face except for the peripheral region, and chuck bing the 
inner region would result in failed or defective devices. 
[0043] The second carrier unit 63 is basically Identical so 
to the first carrier unit 61 in structure except that the sec- 
ond carrier unit 63 carries a wafer between the wafer 
rack 47 and the carrying surface of the stage apparatus 
50, so that detailed description thereon is omitted. 
[0044] Each of the first and second earner units 61 , 55 
63 carry a wafer from a cassette held in the cassette 
holder 10 to the stage apparatus 50 disposed in the 
woridng chamber 31 and vice versa, while remaining 



substantially in a horizontal state. The arms of the earner 

units 61 , 63 are moved in the vertical direction only when 
a wafer Is removed from and inserted into a cassette, 
when a wafer is carried on and removed from the wafer 
rack, and when a wafer is carried on and removed from 
the stage apparatus 50. It is therefore possible to 
smoothly carry a larger wafer, for example, a wafer hav- 
ing a diameter of 30 cm. 

[0045] Next, how a wafer is can-ied will be described 
in sequence from the cassette c held by the cassette 
holder 10 to the stage apparatus 50 disposed in the 
working chamber 31 . 

[0046] As described above, when the cassette is 
manually set, the cassette holder 10 having a structure 
adapted to the manual setting is used, and when the 
cassette is automatically set, the cassette holder 10 
having a structure adapted to the automatic setting is 
used. In this embodiment, as the cassette c is set on the 
up/down table 1 1 of the cassette holder 1 0, the up/down 
table 1 1 is moved down by the elevating mechanism 1 2 
to align the cassette c with the access port 225. As the 
cassette is aligned with the access port 225, a cover (not 
shown) provided for the cassette is opened, and a cy- 
lindrical cover is applied between the cassette c and the 
access port 225 of the mini-environment to block the 
cassette and the mini-environment space 21 from the 
outside. Since these structures are known, detailed de- 
scription on their structures and operations is omitted. 
When the mini-environment device 20 is provided with 
a gate valve for opening and closing the access port 
225, the gate valve is operated to open the access port 
225. 

[0047] On the other hand, the ami 61 2 of the first car- 
rier unit 61 remains oriented in either the direction Ml 
or M2 (In the direction Ml in this description). As the 
access port 225 is opened, the arm 612 extends to re- 
ceive one of wafers accommodated in the cassette at 
the bottom. While the ami and a wafer to be removed 
from the cassette are adjusted in the vertical position by 
moving up or down the driver 61 1 of the first carrier unit 
61 and the ami 612 in this embodiment, the adjustment 
may be made by moving up and down the up/down table 
11 of the cassette holder 10. or made by both. 
[0048] As the ann 61 2 has received the wafer, the arm 
621 is retracted, and the gate valve is operated to close 
the access port (when the gate valve is provided). Next, 
the arm 612 is pivoted about the axis OrOi such that it 
can extend in the direction M3. Then, the arm 612 is 
extended and transfers the wafer carried at the bottom 
or chucked by the chuck onto the prealigner 25 which 
aligns the orientation of the rotating direction of the wa- 
fer (the direction about the central axis vertical to the 
wafer plane) within a predetemiined range. Upon com- 
pletion of the alignment, the carrier unit 61 retracts the 
anm 612 after a wafer has been received from the pre- 
aligner 25 to the bottom of the ann 612, and takes a 
posture in which the arm 612 can be extended in a di- 
rection M4. Then, the door 272 of the gate va^e 27 Is 
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moved to open the access ports 223, 236, and the anti 
612 is extended to place the wafer on the upper stage 
or the lower stage of the wafer rack 47 within the first 
loading chamber 41 . It should be noted that before the 
gate valve 27 opens the access ports to transfer the wa- 5 
f er to the wafer rack 47, the opening 435 f onmed through 
the partition wall 434 is closed by the door 461 of the 
gate valve 46 in an air-tight state. 
[0049] In the process of carfying a wafer by the first 
carrier unit, clean air flows (as down flows) in laminar io 
flow from the gas supply unit 231 disposed on the hous- 
ing of the mini-environment chamber to prevent particle 
from attaching on the upper surface of the wafer during 
the carriage. A portion of the air near the carrier unit (in 
this embodiment, about 20% of the air supplied from the is 
supply unit 231 , mainly contaminated air) is aspired from 
the suction duct 241 of the discharger 24 and dis- 
charged outside the housing. The remaining air is re- 
covered through the recovery duct 232 disposed on the 
bottom of the housing and returned again to the gas sup- 20 
ply unit 231. 

[0050] As the wafer is placed into the wafer rack 47 
within the first loading chamber 41 of the loader housing 

40 by the first carrier unit 61 , the gate valve 27 is closed 

to seal the loading chamber 41 . Then, the first loading 25 
chamber 41 is filled with an inert gas to expel air. Sub- 
sequently, the inert gas is also evacuated so that a vac- 
uum atmosphere dominates within the loading chamber 
41 . The vacuum atmosphere within the loading chamber 

41 may be at a low vacuum degree. When a certain de- 30 
gree of vacuum is provided within the loading chamber 

41 , the gate valve 46 is operated to open the access 
port 434 which has been sealed by the door 461 , and 
the arm 632 of the second carrier unit 63 is extended to 
receive one wafer from the wafer receiver 47 with the 35 
chuck at the bottom (the wafer is carried on the bottom 
or chuck bed by the chuck attached to the bottom). Upon 
completion of the receipt of the wafer, the ami 632 is 
retracted, followed by the gate valve 46 again operated 
to close the access port 435 by the door 461 . It should 40 
be noted that the arm 632 has previously taken a pos- 
ture in which it can extend in the direction N1 of the wafer 
rack 47 before the gate valve 46 is operated to open the 
access port 435. Also, as described above, the access 
ports 437. 325 have been closed by the door 452 of the ^5 
gate valve 45 before the gate valve 46 is operated to 
block the communication between the second loading 
chamber 42 and the working chamber 31 in an air-tight 
state, so that the second loading chamber 42 is evacu- 
ated, so 
[0051] As the gate valve 46 is operated to close the 
access port 435, the second loading chamber 42 is 
again evacuated at a higher degree of vacuum than the 
first loading chamber 41 . Meanwhile, the ami 632 of the 
second carrier unit 63 is rotated to a position at which It ss 
can extend toward the stage apparatus 50 within the 
wortcing chamber 31 . On the other hand, in the stage 
apparatus 50 within the working chamber 31 , the Y-tabte 



52 is moved upward, as viewed in Fig. 2, to a position 
at which the center line Oq-Oo of the X-table 53 substan- 
tially matches an X-axis X^-X^ which passes a pivotal 
axis Og-Og of the second carrier unit 63. The X-table 53 
in turn is moved to the position closest to the leftmost 
position in Fig. 2, and remains awaiting at this position. 
When the second loading chamber 42 is evacuated to 
substantially the same degree of vacuum as the working 
chamber 31 , the door 452 of the gate valve 45 Is moved 
to open the access ports 437, 325, allowing the arm 632 
to extend so that the bottom of the arm 632, which holds 
a wafer, approaches the stage apparatus 50 within the 
working chamber 31. Then, the wafer is placed on the 
carrying surface 551 of the stage apparatus 50. As the 
wafer has been placed on the carrying surface 551 , the 
arm 632 is retracted, followed by the gate 45 operated 
to close the access ports 437, 325. 
[0052] The foregoing description has been made on 
the operation until a wafer in the cassette c is carried 
and placed on the stage apparatus 50. For returning a 
wafer, whk:h has been carried on the stage apparatus 
50 and processed, from the stage apparatus 50 to the 
cassette c, the operation reverse to the foregoing is per- 
formed. Since a plurality of wafers are stored in the wa- 
fer rack 47, the first carrier unit 61 can carry a wafer 
between the cassette and the wafer rack 47 while the 
second carrier unit 63 is cany in g a wafer between the 
wafer rack 47 and the stage apparatus 50, so that the 
testing operation can be efficiently carried out. 
[0053] Specifically if an already-processed wafer A 
and a unprocessed wafer B are placed on the wafer rack 
47 of the second carrier unit, (1 ) the unprocessed wafer 
B is moved to the stage apparatus 50 and a process for 
the wafer B starts. In the middle of this process, (2) the 
processed wafer A is moved to the wafer rack 47 from 
the stage apparatus 50. A unprocessed wafer C is like- 
wise extracted from the wafer rack 47 by the ami and is 
aligned by the pre-allgner. Then, the wafer C is moved 
to the wafer rack of the loading chamber 41 . By doing 
so, It is possible to replace the wafer A with the unproc- 
essed wafer C In the wafer rack 47 during the wafer 8 
is being processed. 

[0054] Depending upon how such an apparatus for 
perfonning a test or evaluation is utilized, a plurality of 
the stage apparatus 50 can be disposed to cause a wa- 
fer to be transferred from one wafer rack 47 to each 
stage apparatus, making it possible to process a plural- 
ity of wafers in a similar manner 
[0055] Figs. 7[A] and 7[B] illustrate an exemplary 
modification to the method of supporting the main hous- 
ing 30. In an exemplary modification Illustrated in Fig. 7 

[A] , a housing supporting device 33a is made of a thick 
rectangular steel plate 331a, and a housing body 32a is 
carried on the steel plate. Therefore, the bottom wall 
321 a of the housing body 32a is thinner than the bottom 
wall 222 of the housing body 32 In the foregoing embod- 
iment. In an exemplary modification illustrated in Fig. 7 

[B] , a housing body 32b and a loader housing 40b are 
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suspended by a frame structure 336b of a housing sup- 
porting device 33b. Lower ends of a plurality of vertical 
frames 337b fixed to the frame structure 336b are fixed 
to four corners of a bottom wall 321 b of the housing body 
32b, such that the peripheral wall and the top wall are 5 
supported by the bottom wall. A vibration isolator 37b is 
disposed between the frame structure 336b and a base 
frame 36b. Likewise, the loader housing 40 is suspend- 
ed by a suspending member 49b fixed to the frame 
structure 336. In the exemplary modification of the hous- io 
ing body 32b illustrated in Fig. 7[B], the housing body 
32b is supported in suspension^ the general center of 
gravity of the main housing and a variety of devices dis- 
posed therein can be brought downward. The methods 
of supporting the main housing and the loader housing 
are configured to prevent vibrations from being trans- 
mitted from the floor to the main housing and the loader 
housing. 

[0056] In another exemplary modification, not shown, 
the housing body of the main housing is only supported 20 
by the housing supporting device from below, while the 
loader housing may be placed on the floor in the same 
way as the adjacent mini-environment chamber. Alter- 
natively^ in a further exemplary modification, not shown, 
the housing body of the main housing is only supported 25 
by the frame structure in suspension, while the loader 
housing may be placed on the floor In the same way as 
the adjacent mini-environment device. 

Electro-optical System 70 30 

[0057] The electro-optical system 70 comp rises a col- 
umn or column 71 fixed on the housing body 32. Dis- 
posed within the column 71 are an electro-optical sys- 
tem comprised of a primary electro-optical system 35 
(hereinafter simply called the "primary optical system") 
and a secondary electro-optical system (hereinafter 
simply called the "secondary optical system"), and a de- 
tecting system. 

[0058] Fig. 8 shows an embodiment of the electro-op- "^o 
tical system 70. In the drawing, 72 denotes a primary 
optical system, 74 a secondary optical system and 76 a 
detecting system. Fig. 8 also illustrates a stage appara- 
tus 50 carrying a wafer W and a scanning signal gener- 
ation circuit 764 which is a part of a control apparatus. ^5 
The primary optical system 72 in-adiates the surface of 
the sample or wafer W with electron beams, and com- 
prises an electron gun 721 for emitting an electron beam 
(s); a condenser lens 722 comprised of an electrostatic 
lens for converging the primary the electron beam emit- 50 
ted from the electron gun 721 ; a multi-aperture plate 723 
located below the condenser lens 722 and having a plu- 
rality of apertures, for fomiing a plurality of primary elec- 
tron beams or multi-beams from the primary electron 
beam from the gun 721 ; a reducing lens 724 comprised 55 
of an electrostatic lens for reducing the primary electron 
beams: a Wien filter or an ExB separator or deflector 
725; and an objective lens 726. These components are 



arranged in order with the electron gun 721 placed at 
the top, as illustrated in Fig. 8, and settled such that the 
optical axes of the electron beams in'adlated are orthog- 
onal to the surface of the wafer W. 
[0059] In order to reduce abenration effect of field cur- 
vature by the reducing lens 724 and objective lens 726, 
the multi-apertures 723a (9 apertures in this embodi- 
ment) are positioned through the multi-aperture plate 
723 such that when the apertures are projected on the 
X-axis, the distance tjc between the adjacent points on 
the X-axis is equal, as shown in Fig. 9[A]. 
[0060] The secondary optical system 74 comprises 
magnification lenses 741, 742 each comprised of an 
electrostatic lens which pass secondary electrons sep- 
arated from the primary optical system by an ExB de- 
flector 725; and a multi-aperture plate 743. A plurality of 
apertures 743a of the multi-aperture plate 743 are locat- 
ed such that they coincide, one by one, with the aper- 
tures 723a of the multi -aperture plate 723 of the primary 
optical system, as Illustrated In Fig. 9[A]. 
[0061 ] The detecting system 76 comprises a plurality 
of detectors 761 (9 detectors in this embodiment) the 
number of which is equal to that of the apertures 743a 
of the multi-aperture plate 743 of the secondary optical 
system 74 and located correspondingly thereto; and an 
image processing section 763 connected through A/D 
converters 762. The image processing section 763 is 
not necessary to physically located in the electro-optical 
system 70. 

[0062] Next, the operation of the electro-optical sys- 
tem 70 configured as described above will be described. 
The primary electron beam emitted from the electron 
gun 721 is converged by the condenser lens 722 to fomn 
a cross-over at a point P. The primary electron beam 
which has been converged by the condenser lens 722 
passes through the apertures 723a of the multi-aperture 
plate 723, resulting in that a multiple electron beams are 
created. Each of the multi-electron beams is then re- 
duced by the reducing lens 724 and projected at a point 
P2. After the focussing at the point P2, the beam passes 
the objective lens 726 to focus on the surtace of the wa- 
fer W. In this situation, the primary electron beanns are 
deflected by a deflector 727 located between the reduc- 
ing lens 724 and the objective lens 726 to be scanned 
on the surface of the wafer W. The deflector 727 deflects 
the primary electron beams in response to a scanning 
signal applied thereto. 

[0063] A method of irradiating primary electron beams 

by the primary optical system 72 will next be explained, 
with reference to Fig. 9[B]. In the example of Fig. 9[B], 
in order to make explanation brief, four primary electron 
beanfis 101 , 102, 103, 104 are employed. It is assumed 
that each of the electron beams is scanned by 50 ^m 
width. As to the beam 1 01 , it scans in the right direction 
from the left end, returns to the left end immediately after 
reaching the right end, and again scans in the right di- 
rection. Since the four electron beams scan simultane- 
ously on a wafer surface, a throughput can be improved. 
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[0064] Returning to Fig. 8, a plurality of points on the 
wafer W are Illuminated by a plurality of focussed pri- 
mary electron beams (nine beams in the embodiment in 
Fig. 8), resulting in that secondary electrons are emitted 
from the illuminated points. The secondary electrons are 
then converged by pulling the electric field created by 
the objective lens, deflected by the ExB separator 725 
to be directed to the secondary optical system 74. An 
image created by the secondary electrons are focussed 
at a point P3 which is closer than the point P2. This is 
because a primary electron has energy of about 500eV 
and the secondary electron has energy of only several 
eV. 

[0065] It will be explained the ExB separator 725 with 
reference to Fig. 1 0. Fig. 1 0[A) illustrates an example of 
the ExB separator applicable to the electro-optical ap- 
paratus according to the present invention. The ExB 
separator comprises an electro-static deflector and 
electromagnetic deflector. Fig. 10 shows a cross sec- 
tional view in X-Y plane perpendicular to an optical axis 
(perpendicular to the drawing surface) 0A1 . The X and 
Y-axes are perpendicular to each other. 
[0066] The electro-static deflector has a pair of elec- 
trodes (electro-static deflection electrodes) 7251 in a 
vacuum to create a electric field in the X direction. The 
electro-static deflection electrodes 7251 are mounted 
on an inside wall 7253 of the vacuum via isolation spac- 
ers 7252, the distance Dp therebetween is set to be 
smaller than a length 2L of the electro-static deflection 
electrodes in the Y direction. By setting the above, a 
range where a strength of the electric field around the 
Z-axis or the optical axis is substantially constant may 
be made wide. However ideally, it is better to set Dp < 
L to create a more wider range having a constant 
strength electric field. 

[0067] In particular, the strength of the electric field is 
not constant in a range of Dp/2 from the end of the elec- 
trode. Therefore, the range where a strength of the elec- 
tric field is constant is represented by 2L-Dp which is a 
center potion of the electrode, excluding the non-con- 
stant regions. Accordingly, in order to create a range 
where the strength electric field is constant, it is neces- 
sary to settle to satisfy 2L > Dp, and it is more preferable 
to set L > Dp to create a broader range thereof. The 
electromagnetic deflector for creating a magnetic field 
in the Y direction is provided outside the vacuum wall 
7253. The electromagnetic deflector comprises electro- 
magnetic coils 7254, 7255, which generate magnetic 
fields in the X and Y directions. Although only the coil 
7255 can provide the magnetic field in the Y direction, 
the coil for generating the magnetic field in the X direc- 
tion is also provided to improve the perpendicular char- 
acter between the electric and magnetic fields. Namely, 
the component in the -X direction of the magnetic field 
created by the coil 7254 cancels the component in the 
+X direction created by the coil 7255 to obtain the im- 
proved perpendicular character between the electric 
and magnetic fields. 



[0068] Each of the coils for generating the magnetic 
field consists of two parts to be installed outside the vac- 
uum wall, which are mounted on the surface of the vac- 
uum wall 7253 from the both sides thereof, and fixedly 
5 clamped at portions 7257 with screws or the like. 
[0069] The most outer layer 7256 of the ExB separa- 
tor is formed as yokes made of Permalloy or ferrite. The 
most outer layer 7256 consists of two parts, and are 
mounted on the outer surface of the coil 7255 and fixedly 
10 clamped at portions 7257 with screws or the like. 
[0070] Fig. 1 0[B] illustrates another example of the 
ExB separator applicable to the electro-optical system 
70 according to this invention, with a cross sectional 
view perpendicular to an optical axis. This ExB separa- 
15 tor is different to the example shown in Fig. 10[A] in the 
point of view that it includes six electro-static deflection 
electrodes 7251. In Fig. 10[B], components of the ExB 
separator corresponding to those of Fig. 10[A] are de- 
noted by the same reference numerals with and de- 
20 scription thereof is omitted. The electro-static deflection 
electrodes 7251' are supplied with the voltages k^cosBi 
(k: constant value), where 6i (i = 0, 1 , 2, 3, 4, 5) is an 
angle between a line from the electrode center to the 
optical axis and the electric field direction (X direction) 
25 [0071] The ExB separator illustrated in Fig, 10[B) has 
coils 7254', 7255' for generating magnetic fields in the 
X and Y directions to control the perpendicular charac- 
ter, similar to that in Fig. 10[A]. 
[0072] The ExB separator shown in Fig. 1C[B] can 
30 provide a wider range where the electric field strength 
Is constant, in comparison with that in Fig. 10[A]. 
[0073] The coils for generating the magnetic fields are 
of a saddle-shaped type in the ExB separators illustrat- 
ed In Figs. 10[A] and 10[B]. However, a coil of a troidal 
35 type can also be employed. Further, the ExB separators 
shown in Fig. 10 can be applied to embodiments of the 
electron beam apparatuses explained below as well as 
the electron beam apparatus 70 shown in Fig. 8. 
[0074] Returning to Fig. 8, the images of the second- 
^0 ary electron beams focussed at the point P3 are again 
focussed at respective corresponding apertures 743a of 
the multi-aperture detection plate 743 by through the en- 
larging lenses 741 , 742, and detected the detectors 761 
con'espondlngly located to the apertures 743a. The de- 
45 lectors 761 convert the detected beams to electric sig- 
nals representing the strength of the beams. The electric 
signals are converted to digital signals at the A/D con- 
verters 762 and inputted to the image processing unit 
763. As the detectors 761 , PN junction diodes which di- 
50 rectly detect strengths of electron beams, PMT (photo 
multiplier tubes) which detect strengths of electron 
beanos after converting them to radiation light by a fluo- 
rescent plate. 

[0075] The image processing unit 763 provides image 
55 data obtained from the input. digital data. The image 
processing unit 763 receives a scanning signal which is 
used to deflect the primary electron beams, from the 
control unit 2 (Fig. 1). Therefore, the image processing 
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unit receives a signal representing positions of irradiat- 
ed points on the wafer, and hence can produce an Image 
representing the wafer surface. By comparing the Image 
obtained as above with a predetemnined reference pat- 
tern, the quality of the pattem on the wafer to be evatu- 5 
ated is determined. 

[0076] Further, by moving the pattem on the wafer to 
be evaluated to a position near the optical axis of the 
primary optical system by registration, obtaining a line 
width evaluation signal by line-scanning, and by call- io 
brating it, a line width of a pattern on the wafer surface 
can be detected. 

[0077] In a prior electron beam apparatus, secondary 
electrons which are generated when primary electron 
beams are In-adlated on a wafer, are focussed to a point ^5 
via two steps lenses common to the primary electrons, 
are deflected by an ExB separator 725 located at the 
focal point, and are Imaged at muitiple detectors without 
passing any lens. As to the common lenses of the pri- 
mary and secondary optical systems, since it Is required 20 
to adjust a lens conditions of the primary optical system 
priorto that of the secondary optical system, a focal con- 
dition and enlarging rate of the secondary optical system 
cannot be controlled. Therefore, the focal condition and 
enlarging rate thereof cannot be sufficiently adjusted 25 
when they are inconrect. 

[0078] On the other hand, in the present Invention: af- 
ter the secondary electrons are deflected by the ExB 
separator 725, they are enlarged by the lens of the sec- 
ondary optical system, a focal condition and enlarging 30 
rate can be adjustable apart from a lens condition setting 
of the primary optical system. 
[0079] After the primary electron beams pass through 
the apertures of the multi-aperture plate 723 of the pri- 
mary optical system, they are focussed on the wafer W, 35 
and thereby the secondary electrons are emitted from 
the wafer. The secondary electron beams are then Im- 
aged at the detectors 761 . In this event, it is necessary 
to minimize three aberration effects which are distortion, 
axial chromatic aberration, and field astigmatism de- ^^o 
rived in the primary optical system. 
[0080] In particular, in the case where optical paths of 
the primary and secondary electron beams are partially 
common, since primary electron streams and second- 
ary electron streams flow through the common optical 45 
path, a beam current having 2 times flows, and thus pe- 
culiar in the focal condition of the primary electron beam 
caused by a space charge effect Is two times. Also, it Is 
difficult to adjust the axes of the primary and secondary 
electron beams In the common optical path. That is, so 
when an adjustment of the axis of the primary electron 
beams, the axis of the secondary electron beams may 
be out of their condition, and when an adjustment of an 
axis of the secondary electron beams, the axis of the 
primary electron beams may be out of their condition. 55 
Further, in the common optical path, when the lens is 
adjusted to satisfy a focal condition of the primary elec- 
tron beams, a focal condition of the secondary electron 



beams may be out of the condition, and the focal con- 
dition of the secondary electron beams is adjusted, the 
focal condition of the primary electron beams may be 
out of the condition. 

[0081] Therefore, it is better to design the common 
path as short as possible. However, when an ExB sep- 
arator 725 Is installed at a position under an objective 
lens 726, this occurs a problem that an image plan dis- 
tance of the objective lens is longer, and thereby aber- 
rations are larger. In the present Invention, the ExB sep- 
arator 725 is installed at a side of the electron gun 721 
with respect to the objective lens, resulting in that the 
primary and secondary optical systems commonly em- 
ploy only a single lens. 

[0082] In addition, as to relationships between spaces 
among the primary electron beams and the secondary 
optical system, when the primary electron beams are 
spaced to each other by a distance larger than the ab- 
erration of the secondary optical system to reduce 
cross-talk between the beams. 
[0083] Further, it is preferable to set an deflection an- 
gle of the electro-static deflector 727 to be -1/2 of an 
electromagnetic deflection angle by the electromagnetic 
deflector of the ExB separator 725. Since the chromatic 
aberration of deflection may be small by setting above, 
a beam diameter of the beam may be made relatively 
small even the beam passes the ExB separator. 

Pre-charge Unit 81 

[0084] The pre-charge unit 81 , as illustrated in Fig. 1 , 
Is disposed adjacent to the column 71 of the electro- 
optical system 70 within the working chamber 31 . Since 
this evaluation system 1 is configured to test a wafer for 
device patterns or the like fonned on the surface thereof 
by Irradiating the wafer with electron beams, the surface 
of the wafer may be charged up depending on condi- 
tions such as the wafer material, energy of the irradiated 
electrons, and so on. Further, even on the surface of a 
single wafer, some regions may be highly charged, while 
the other regions may be lowly charged. Variations in 
the amount of charge on the surface of the wafer would 
cause corresponding variations in infomiatlon provided 
by the resulting secondary electrons, thereby falling to 
acquire correct Information. For preventing such varia- 
tions, in this embodiment, the pre-charge unit 81 is pro- 
vided with a charged particle irradiating unit 81 1 . Before 
testing electrons are irradiated to a predetemnined re- 
gion on a wafer charged particles are in-adiated from 
the charged particle irradiating unit 811 of the pre- 
charge unit 81 to eliminate variations in charge. The 
charges on the surface of the wafer previously form an 
image of the surface of the wafer, which image is eval- 
uated to detect possible variations in charge to operate 
the pre-charge unit 81 based on the detection. Alterna- 
tively, the pre-charge unit 81 may irradiate a blurred pri- 
mary electron beam. 

[0085] In a method of detecting an electrical defect of 
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a wafer, it is capable to utilize such a phenomenon that 
when there are electrically isolated and conductive por- 
tions on the wafer, voltages of the portions are different 
to each other In order that, a wafer is pre-charged to 
cause a difference In potential between portions which 5 
are intended to be electrically isolated, provided that one 
of them Is conductive in fact, and then electron beams 
are inradiated on the wafer to detect the voltage differ- 
ence therebetween. By analyzing the detected data, the 
conductive portion which is intended to be isolated can io 
be detected. 

[0086] In such a method of detecting an electrical de- 
fect, the pre-charge unit 81 can be employed to pre- 
charge a wafer. 

15 

Potential Applying Unit 83 

[0087] Fig. 1 1 shows a constitution of the potential ap- 
plying mechanism 83, The mechanism 83 applies a po- 
tential of ± several volts to a carrier of a stage, on which 20 
the wafer is placed, to control the generation of second- 
ary electrons based on the fact that the infomnation on 
the secondary electrons emitted from the wafer (sec- 
ondary electron yield) depend on the potential on the 
wafer. The potential applying mechanism 83 also serves 25 
to decelerate the energy originally possessed by irradi- 
ated electrons to provide the wafer with irradiated elec- 
tron energy of approximately 100 to 500 eV. 
[0088] As illustrated in Fig. 11 , the potential applying 
mechanism 83 comprises a voltage applying device 831 30 
electrically connected to the carrying surface 551 of the 
stage apparatus 50; and acharge-up examiningA^oltage 
determining system (hereinafter examining/detemnining 
system) 832. The examining/detemnining system 832 
comprises a monitor 833 electrically connected to an im- 35 
age processing unit 763 of the detecting system 76 in 
the electro-optical system 70; an operator 834 connect- 
ed to the monitor 833; and a CPU 835 connected to the 
operator 834. The CPU 835 is incorporated in the control 
unit 2 (Fig. 1), and supplies a voltage control signal to "^o 
the voltage applying device 831. The CPU 835 further 
provides some components of the electron system with 
control signals. For instance, it applies a scanning signal 
to the deflector 727 (Fig. 8) of the electro-optical system 
70. In the potential applying mechanism 83, the monitor ^5 
833 displays an image reproduced by the image 
processing unit 763. By studying the image, an operator 
can search, using an operation input unit 834 and CPU 
835. a potential at which the wafer is hardly charged, 
and control the potential applying device 831 to provide so 
the potential to the holder 55 of the stage apparatus 50. 

Electron Beam Calibration Mechanism 85 

[0089] As illustrated in Figs. 1 2[A] and 1 2[BI, the elec- ss 
tron beam calibration mechanism 85 comprises a plu- 
rality of Faraday cups 851, 852 for measuring a beam 
current, disposed at a plurality of positions in a lateral 



region of the wafer carrying surface 541 on the turntable 
54. The Faraday cups 851 are provided for a narrow 
beam (approximately (|> = 2 while the Faraday cups 
852 for a wide beam (approximately <j» = 30 \im). The 
Faraday cuts 851 for a narrow beam measure a beam 
profile by driving the turntable 54 step by step, while the 
Faraday cups 852 for a wide beam measure a total 
amount of currents. The Faraday cups 851. 852 are 
mounted on the wafer carrying surface 541 such that 
their top surfaces are coplanar with the upper surface 
of the wafer W carried on the carrying surface 541 . In 
this way, the primary electron beam emitted from the 
electron gun is monitored at all times, and a voltage to 
the electron gun is controlled so that the strength of the 
electron beams applied at the wafer W is substantially 
constant. That is, since electron guns cannot emit a con- 
stant electron beams at all times but varies In the emis- 
sion current as it is used over time, the electron beam 
strength is calibrated by the calibration mechanism. 

Alignment Controller 87 

[0090] The alignment controller 87 aligns the wafer W 
with the electro-optical system 70 using the stage appa- 
ratus 50. The alignment controller 87 perfonns the con- 
trol for rough alignment through wide field observation 
using the optical microscope 871 (a measurement with 
a lower magnification than a measurement made by the 
electro-optical system); high magnification alignment 
using the electro-optical system of the electro-optical 
system 70; focus adjustment; testing region setting; pat- 
tern alignment; and so on. The wafer is tested at a low 
magnification in this way because an alignment mark 
must be readily detected by an electron beam when the 
wafer is aligned by observing patterns on the wafer in a 
narrow field using the electron beam for automatically 
testing the wafer for pattems thereon. 
[0091 ] The optical microscope 871 Is disposed on the 
housing 30. Alternatively, it may be movably disposed 
within the housing 30. A light source (not shown) for op- 
erating the optical microscope 871 is additionally dis- 
posed within the housing 30. The electro-optical system 
for observing the wafer at a high magnification, shares 
the electro-optical systems (primary optical system 72 
and secondary optical system 74) of the electro-optical 
system 70. 

[0092] The configuration of the alignment controller 
87 may be generally illustrated in Fig. 13. For observing 
a point of interest on a wafer at a low magnification, the 
X-stage or Y-stage of the stage apparatus 50 is control- 
led to move the point of interest on the wafer into a field 
of the optical microscope 871 . The wafer Is studied in a 
wide field by the optical microscope 871 , and the point 
of interest on the wafer to be observed Is displayed on 
a monitor 873 through a CCD 872 to roughly detemnine 
a position to be obsen/ed. In this event, the magnifica- 
tion of the optical microscope may be changed from a 
low magnification to a high magnification. 
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[0093] Next, the stage apparatus 50 is moved by a 
distance corresponding to a spacing 5x between the op- 
tical axis of the electro-optical system 70 and the optical 
axis of the optical microscope 871 to move the point on 
the wafer under observation, previously determined by 
the optical microscope 871 , to a point in the field of the 
electro-optical system 70. In this event, since the dis- 
tance 5x between the axis O3-O3 of the electro-optical 
system and the axis O4-O4 of the optical microscope 
871 is previously known (while it is assumed that the 
electro-optical system 70 is deviated from the optical mi- 
croscope 871 in the direction along the X-axis in this 
embodiment, they may be deviated in the Y direction as 
well as in the X direction), the point under observation 
can be moved to the viewing position by moving the 
stage apparatus 50 by the distance 5x. After the point 
under observation has been moved to the viewing po- 
sition of the electro-optical system 70, the point under 
observation is imaged by the electro-optical system at 
a high magnification for storing a resulting image or dis- 
playing the image on the monitor 765. 
[0094] After the point under observation on the wafer 
imaged by the electro-optical system at a high magnifi- 
cation is displayed on the monitor, misalignment of the 
stage apparatus 50 with respect to the center of rotation 
of the turntable 54 in the wafer rotating direction, or mis- 
alignment S6 of the wafer in the wafer rotating direction 
with respect to the optical axis O3-O3 of the electro-op- 
tical system 70 are detected in a conventional method- 
Then, the operation of the stage apparatus 50 is con- 
trolled to align the wafer, based on the detected values 
and data on a testing mark attached on the wafer, or 
data on the shape of the pattems on the wafer which 
have been acquired in separation. 

Controller 2 

The controller mainly comprises a main controller, a 
control controller and a stage controller. 

[0095] The main controller has a man-machine inter- 
face through which the operation by an operator (Input 
of various instructions/commands and menus, instruc- 
tion to start a test, switch between automatic and man- 
ual test modes, Input of all commands necessary when 
the manual test mode) is performed. Further, the main 
controller performs a communication to a host computer 
in a factory, control of a vacuum pumping system, car- 
riage of a sample such as a wafer, control of alignment, 
transmission of commands to the control controller and 
the stage controller and receipt of Information. Moreo- 
ver, the main controller has a function of obtaining an 
image signal from the optical microscope, a stage vibra- 
tion connecting function for feeding back a vibration sig- 
nal of the stage to the electro-optical system to correct 
a deteriorated image, and an automatic focus correcting 
function for detecting a Z-direction (the direction of the 
axis of the primary optical system) displacement of a 



sample observing position to feed back the displace- 
ment to the electro-optical system so as to automatically 
con-ect the focus. Reception and transmission of a feed- 
back signal to the electro-optical system and a signal 
5 from the stage can be performed through the control 
controller and the stage controller. 
[0096] The control controller is mainly responsible for 
control of the electro-optical system, or control of highly 
accurate voltage sources for electron gun, lenses, align- 
er and Wien filter). Specifically, the control controller ef- 
fects control (gang control) of automatic voltage setting 
to each lens system and the aligner in con-espondence 
with each operation mode, for example, causes a region 
to be In-adlated by a constant electron current even if 
the magnification is changed, and automatically sets a 
voltage applied to each lens system and the aligner in 
correspondence with each magnification. 
[0097] The stage controller is mainly responsible for 
control regarding the movement of the stage and ena- 
bles the achievement of accurate X and Y direction 
movements of mterometer order (tolerance: ±0.5 mi- 
crometer). Further, the stage controller achieves control 
of rotation (6 control) of the stage within an error accu- 
racy of ±0.3 seconds. 

[0098] The evaluating system according to the inven- 
tion as described above, can functionally combine the 
electron beam apparatus of a multi-beam type with the 
respective components of the evaluation system, result- 
ing In that samples can be evaluated with a high 
throughput. If a sensor for detecting a clean level of the 
environment housing, it Is possible to test samples while 
monitoring refuses in the housing. Further, since the 
pre-charge unit is provided, a wafer made of an insula- 
tion material may not be affected from charging. 
[0099] Some embodiments of a combination of a 
stage apparatus 50 and a charged particle beam Irradi- 
ation portion of a electro-optical system 70 in the elec- 
tron beam apparatus accommodated in the evaluation 
system 1 according to the present Invention. 
[0100] When testing a sample such as a semiconduc- 
tor wafer possessed with ultra accurate processing, a 
stage apparatus 50 which is capable of accurately po- 
sitioning the wafer in a vacuum working chamber 31 Js 
required. As such a stage apparatus usable in such a 
case that ultra accurately positioning is required, a 
mechanism for supporting X-Y stage with a hydrostatic 
bearings with a non-contact manner, is employed, in this 
event, a degree of vacuum is maintained In the vacuum 
chamber or working chamber31 by fonning a differential 
pumping mechanism for pumping a high pressure gas 
in a range of the hydrostatic bearing so that the high 
pressure gas supplied from the hydrostatic bearings will 
not be pumped directly to the wori<lng chamber 31 . In 
the description, the term "Vacuum" means a vacuum 
condition so-called in this field. 
[0101] An example of the combination of a stage ap- 
paratus and electro-optical system 70 according to the 
prior art is illustrated in Fig. 14. Figs. 14[A] and 14[B] 
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are elevation and side views, respectively. In the prior 
art: a bottom of a column 71 of an electron beam appa- 
ratus for generating an electron beam to irradiate a wa- 
fer, i.e., an electron beam emitting tip 72 is attached to 
a main housing 30 which constitutes a vacuum chamber 
31 . The Inside of the column 71 is evacuated to vacuum 
by a vacuum pipe 10-1 , and the chamber 31 is evacu- 
ated to a vacuum by a vacuum pipe 11 -1a. Then, elec- 
tron beam is emitted from the bottom 72 of the column 
71 to a sample such as a wafer W placed therebelow. 
[01 02] The wafer W is removably held on a holder 55 
In a known method. The holder 55 is mounted on the 
top surface of a Y-table 52 of an X-Y stage. The Y-table 
52 has a plurality of hydrostatic bearings 9-1 attached 
on surfaces (both left and right side surfaces and a lower 
surface in Fig. 1 4[A]) opposite to a guide surface of an 
X -table 53. The Y-table 52 is movable in the Y direction 
(in the left-to-right direction in Fig. 12[B]), while main- 
taining a small gap between the guide surface and the 
opposite surfaces by the action of the hydrostatic bear- 
ings 9-1 . Further, around the hydrostatic bearings 9-1, 
a differential pumping mechanism is disposed to pre- 
vent a high pressure gas supplied to the hydrostatic 
bearings 9-1 from leaking into the inside of the vacuum 
chamber 31. This situation is shown in Fig. 15. 
[0103] As illustrated in Fig. 15. double grooves 18-1 
and 1 7-1 are formed around the hydrostatic bearings 
9-1 , and these grooves are evacuated to vacuum at all 
times by a vacuum pipe and a vacuum pump, not shown. 
With such a structure, the Y-table 52 is supported in a 
non-contact state in vacuum so that it is freely movable 
in the Y direction. These double grooves 1 8-1 and 1 7-1 
are formed to surround the hydrostatic bearings 9-1 of 
the Y-table 52, on the surface on which the hydrostatic 
bearings are disposed. Since the hydrostatic bearing 
may have a known structure, detailed description ther- 
eon is omitted. 

[0104] The X-table 53. which carries the Y-table 62 

has a concave shape open directed upwardly, as is ap- 
parent from Fig. 14. The X-table 53 is also provided with 
completely similar hydrostatic bearings and grooves, 
such that the X-table 53 is supported to a stage stand 
or fixed table 51 in a non-contact manner, and is freely 
movable in the X direction. 

[0105] By combining movements of these Y-table 52 
and X-table 53, it is possible to move the wafer W to an 
arbitrary position in the horizontal direction with respect 
to the bottom of the column, i.e. , the electron beam emit- 
ting tip 72 to emit electron beams to a desired position 
of the wafer W. 

[0106] In the combination of the stage apparatus 50 
and the electron beam emitting tip 72 can be employed 
in the evaluation system according to the present inven- 
tion. However, there are problems below. 
[0107] In the prior combination of the hydrostatic 
bearings 9-1 and the differential pumping mechanism, 
the guide surfaces 53a, 51a opposing to the hydrostatic 
bearings 9-1 reciprocate between a high pressure gas 



atmosphere around the hydrostatic bearings and a vac- 
uum environment within the working chamber 31 as the 
X-Y stage is moved. In this event, while the guide sur- 
faces are exposed to the high pressure gas atmosphere, 
5 the gas is adsorbed to the guide surfaces, and the ad- 
sorbed gas is released as the guide surfaces are ex- 
posed to the vacuum environment. Such states are re- 
peated. Therefore, as the X-Y stage is moved, the de- 
gree of vacuum within the working chamber 31 is de- 
10 graded, rising a problem that the aforementioned 
processing such as exposure, testing and working, by 
use of the electron beam cannot be stably performed 
and that the wafer is contaminated. 
[01 08] Therefore, an apparatus is required which pre- 
is vents the degree of vacuum from degrading to permit 
stable processing such as testing and working by use 
of an electron beam. Fig. 16 shows an embodiment of 
the combination of the stage apparatus 50 and the elec- 
tron beam emitting tip 72 of an electro-optical system 
70, which can derive advantages above. In Fig. 1 6. Figs. 
1 6[A] and 1 6[B] are front and side views, respectively. 
[0109] As illustrated in Fig. 16, a partition plate 14-1 
largely extending substantially horizontally in the ±Y di- 
rections (in the left and right directions in Fig. 16[B]) is 
attached on the top surface of a Y-table 52, such that a 
reducer 50-1 having a small conductance is fonned at 
all times between the top surface of the X-table 53 and 
the partition plate 14-1 . Also, on the top surface of an 
X-table 53, a partition plate 12-1 is placed to extend In 
the ±X directions (in the left and right directions in Fig. 
14[A]), such that a reducer 51-1 is fomned at all time 
between the top surface of a fixed table 51 and the par- 
tition plate 12-1 . The fixed table 51 is mounted on a bot- 
tom wall in a main housing 30 in a conventional manner. 
[0110] Thus, since the reducers 50-1 and 51-1 are 
formed at all times when the wafer table or holder 55 is 
moved to whichever position, so that even if a gas is 
released from the guide surfaces 53a and 51 a while the 
Y-table 52 and X-table 53 are moved, the movement of 
the released gas is prevented by the reducers 50-1 and 
51-1 . Therefore, it is possible to significantly suppress 
an increase in pressure in a space 24-1 near the wafer 
irradiated with electron beams. 
[0111] The side and lower surfaces of the movable 
section or Y-table 52 and the lower surface of the X-table 
53 of the stage apparatus 50 are formed with grooves, 
around the hydrostatic bearings 9-1, for differential 
pumping, as illustrated in Fig. 15. Since evacuation to 
vacuum is perfomned through these grooves, the re- 
leased gas from the guide surfaces are mainly pumped 
by these differential pumping mechanism when the re- 
ducers 1 550, 1551 arefonned. Therefore, the pressures 
in the spaces 1 3-1 and 1 5-1 within the stage apparatus 
50 are higher than the pressure within the working 
chamber 30. Therefore, if locations which are evacuated 
to vacuum are separately provided, not only the spaces 
13-1 and 15-1 are evacuated through the differential 
pumping grooves 17-1 and 1 8-1 , but also the pressures 
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in the spaces 13-1 and 15-1 can be reduced to further 
suppress an increase In pressure nearthe wafer W. Vac- 
uum evacuation passages 11 -1 b and 1 1 -1 c are provided 
for this purpose. The evacuation passage 1 1 -1 b extends 
through the fixed table 51 and the main housing 30 and 5 
communicates with the outside of the housing 30. The 
evacuation passage 11 -1c is fonned in the X-table 53 
and opened to the lower surface of the X-table. 
[01 1 2] While the provision of the partition plates 1 2-1 
and 14-1 results in a requirement of increasing the size 
of the working chamber 30 such that the chamber 30 
does not interfere with the partition walls, this aspect can 
be Improved by making the partition plates of a retractile 
material or in a telescopical structure. In such an im- 
proved embodiment, the partition wall is made of rubber 
or in bellows form, and its end in the moving direction is 
fixed to the X-table 53 for the partition plate 14-1 , and 
to an inner wall of the housing 8 for the partition plate 
12-1, respectively, 

[0113] Fig. 17 illustrates another embodiment of the 
combination of the stage apparatus 50 and the electron 
emitting tip 72 of the electro-optical system 70. In the 
example, a cylindrical partition 16-1 is formed around 
the bottom of the column 71, i.e., the electron beam 
emitting tip 72 to provide a reducer between the top sur- 
face of the wafer W and the electron beam emitting tip 
72. In such a configuration, even if a gas is released 
from the X-Y stage to cause an increased pressure with- 
in the working chamber 31 , a pressure difference is pro- 
duced between the inside of the chamber C and the in- 
side 1 524 of the partition, because the inside 24-1 of the 
partition is partitioned by the partition 16-1 and the gas 
is pumped through the vacuum pipe 1 0-1 . Therefore, an 
increased pressure within the space 24-1 in the partition 
may be suppressed. While a gap between the partition 
16-1 and the surface of the wafer W should be settled 
depending on the pressure maintained within the work- 
ing chamber 31 and around the emitting tip 72, approx- 
imately several tens of ^m to several mm are proper. 
The inside of the partition 16-1 is communicated with 
the vacuum pipe 10-1 by a conventional method. 
[0114] Also, since electron beam apparatus may ap- 
ply a wafer W with a high voltage of approximately sev- 
eral kV, a conductive material placed near the wafer 
gives rise to a discharge. In this case, the partition 1 6-1 
may be made of an insulating material such as ceramics 
to prevent a discharge between the wafer W and the 
partition 16-1. 

[01 15] A ring member 4- 1 disposed around the wafer 
W is a plate-shaped adjusting part fixed to the wafer 
base or holder 55, which is set at the same level as the 
wafer such that a small gap 25-1 is fonned over the en- 
tire periphery of the bottom of the partition 16-1. There- 
fore, even when electron beams are inradiated to which- 
ever position of the wafer W, the constant small gap 52-1 
is formed at all times at the bottom of the partition 16-1. 
thereby making it possible to stably maintain the pres- 
sure in the space 24-1 around the bottom of the column 



71. 

[0116] Fig. 18 Illustrates a still another embodiment of 
the combination of the stage apparatus 50 and the elec- 
tron beam emitting tip 72 of the electron beam appara- 
tus. A partition 19-1 containing a differential pumping 
structure is disposed around an electron beam emitting 
tip 72 of the column 71 . The partition 19-1 has a cylin- 
drical shape, and a circumferential groove 20-1 is 
formed inside. An pumping passage 21-1 extends up- 
ward from the circumferential grove. The pumping pas- 
sage is connected to a vacuum pipe 23-1 through an 
internal space 22-1 . There is a small gap ranging from 
several tens of ^m to several mm between the lower end 
of the partition wall 19-1 and the upper surface of the 
wafer W. 

[01 17] In the configuration shown In Fig. 1 8, even if a 
gas is released from the stage apparatus 50 in associ- 
ation with a movement of the X-Y stage to cause an in- 
creased pressure within a working chamber 30, and the 
gas is going to flow into the electron beam emitting tip 
72, the partition 1 9-1 reduces the gap between the wafer 
W and the tip to make the conductance extremely small. 
Therefore, the gas is impeded from flowing into the elec- 
tron beam emitting tip 72 and the amount of flowing gas 
is reduced. Further, the introduced gas is pumped from 
the circumferential groove 20-1 to the vacuum pipe 
1523, so that substantially no gas flows into the space 
24-1 around the electron beam emitting tip 72, thereby 
making it possible to maintain the pressure around the 
electron beam emitting tip 72 at a desired high vacuum. 
[0118] Fig. 19 illustrates another embodiment of the 
combination of the stage apparatus 50 and the electron 
beam emitting tip 72 of the electro -optica I system 70. In 
this embodiment, a partition 26-1 is formed around the 
electron beam emitting tip 72 in the working chamber 
31 to separate the electron beam emitting tip 72 from 
the chamber 31 . This partition 26-1 is coupled to a freez- 
er 30-1 through a supporting member 29-1 made of a 
high thermally conductive material such as copper or 
aluminum, and is cooled at -1 00°O to -200°C. A member 
27-1 is provided for preventing thermal conduction be- 
tween the cooled partition 26-1 and the column 71 , and 
is made of a low thermally conductive material such as 
ceramics resin material. Also, a member 28-1 , which is 
made of a non-insulating material such as ceramics, is 
formed at a lower end of the partition 26-1 for preventing 
the wafer W and the partition 26-1 from discharging ther- 
ebetween. 

[0119] In the configuration shown in Fig. 19, gas mol- 
ecules which are going to flow from the working cham- 
ber 31 into the electron beam emitting tip 72 are imped- 
ed by the partition 26-1 from flowing toward the electron 
beam emitting tip, and even if the molecules flow, they 
are frozen and trapped on the surface of the partition 
26-1, thereby making it possible to maintain low the 
pressure in the space around the electron beam emitting 
tip 72. 

[0120] As the freezer, a variety of freezers can be 
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used such as a liquid nitrogen based freezer, an He 
freezer, a pulse tube type freezer, and so on. 
[0121] Fig. 20 illustrates a further embodiment of the 
combination of the stage apparatus 50 and the electron 
beam emitting tip 72 of the electro-optical system 70. 
Similar to the constitution shown in Fig. 16, a partition 
plates 12-1, 14-1 are disposed on both movable sec- 
tions of the X-Y stage or Y and X-tables 52, 53. There- 
fore, even if the sample base or holder 55 is moved to 
an arbitrary position, the space 13-1 within the stage ap- 
paratus and the inside of the working chamber 31 are 
partitioned by these partitions through reducers 50-1, 
51-1. Further, a partition 16-1 similar to that illustrated 
in Fig. 1 7 is fonmed around the electron beam emitting 
lip 72 to partition the inside of the working chamber 31 
and the space 24-1 , in which the electron beam emitting 
tip 72 is positioned, through a reducer 52-1 . Therefore, 
even if a gas adsorbed on the stage is released into the 
space 1 3-1 while the stage is moved, to increase the 
pressure in this space, an increased pressure in the 
working chamber 31 is suppressed, and an increased 
pressure in the space 24-1 is further suppressed. In this 
way, the pressure in the space 24-1 around the electron 
beam irradiation tip 71 can be maintained in a low state, 
in addition, the space 24-1 can be stably maintained at 
a yet lower pressure, by utilizing the partition 1 9-1 which 
contains a differential pumping mechanism, or the par- 
tition 26-1 cooled by a freezer which is illustrated in Fig. 
40, as the partition 16-1. 

[0122] In this embodiment with regard to the electron 
beam emitting tip, the stage apparatus can be accurate- 
ly positioned in the vacuumed working chamber, and the 
pressure around the irradiation tip is prevented from in- 
creasing, resulting in obtaining a high quality image da- 
ta. 

[0123] Fig. 21 shows a more further embodiment of 
the combination of the stage apparatus 50 and the elec- 
tron beam emitting tip 72 of the electro-optical system 
70. In this embodiment, a bottom of the column 71 /i.e., 
the electron beam emitting tip 72 is attached to a main 
housing 30 which defines a working chamber 31 . A base 
or fixed table of the X-Y stage of the stage apparatus 50 
is fixed on a bottom wall of the main housing 30, and a 
Y-table 52 is mounted on the fixed table 51 . On both 
sides of the Y-table 52 (on left and right sides in Fig. 21), 
protrusions are formed, which are protruding into re- 
cessed grooves of a pair of Y direction guides 7a-2 and 
7b-2 carried on the fixed table 51 formed in the sides 
facing the Y-table. The recessed grooves extend in the 
Y direction (the direction perpendicular to the drawing 
surface) substantially over the entire length of the Y di- 
rection guides. Hydrostatic bearings 1 1 a-2, 9a-2, 11 b-2, 
9b-2 in a known structure are disposed on the top sur- 
facOj bottom surface and side surfaces of the protru- 
sions protruding into the recessed grooves, respective- 
ly. A high pressure gas is blown off through these hy- 
drostatic bearings to support the Y-tabie 52 with respect 
to the Y direction guides 7a-2, 7b-2 in a non-contact 



manner and to allow the same to smoothly reciprocate 
in the Y direction. Also, a linear motor 12-2 in a known 
structure is disposed between the pedestal table 51 and 
the Y-table 52 to drive the Y-table in the Y direction. The 

5 Y-table 52 is supplied with a high pressure gas through 
a flexible pipe 22-2 for high pressure gas supply, so that 
the high pressure gas is supplied to the hydrostatic bear- 
ings 9a-2 to 1 1 a-2 and 9b-2 to 1 1 b-2 through a gas pas- 
sage (not shown) fonned in the Y-table. The high pres- 

10 sure gas supplied to the hydrostatic bearings blows out 
into a gap of several microns to several tens of microns 
formed between opposing guiding surfaces of the Y di- 
rection guide to serve to precisely position the Y-tabte 
52 with respect to the guide surfaces in the X direction 

15 and Z-direction (upward and downward directions in Fig. 
21). 

[0124] An X-table 53 is carried on the Y-table 52 for 
movement in the X direction (in the left-to-right direction 
in Fig. 21). On the Y-table 52, a pair of X direction guides 

20 8a-2, 8b-2 (only 8a-2 is shown) identical in structure to 
the Y direction guides 7a-2, 7b-2 for the Y-table are dis- 
posed with the X-table 53 Interposed therebetween. A 
recessed groove is also formed in the side of the X di- 
rection guide facing the X-table 53, and a protrusion is 

25 formed in a side portion of the X-table (a side portion 
facing the X direction guide), protruding into the re- 
cessed groove. The recessed groove extends substan- 
tially over the entire length of the X direction guide. Hy- 
drostatic bearings (not shown) similar to the hydrostatic 

30 bearings 1 1 a-2, 9a-2, 1 0a-2: 1 1 b-2, 9b-2, 1 0b-2 are dis- 
posed on the top surface, bottom surface and side sur- 
faces of the protrusion of the X-table 53 protruding into 
the recessed groove in similar positioning. Between the 
Y-table 52 and the X-table 53^ a linear motor 13-2 in a 

35 known structure is disposed so that the X-table is driven 
in the X direction by means of the linear motor. Then, 
the X-table 53 is supplied with a high pressure gas 
through a flexible pipe 21-2 to supply the high pressure 
gas to the hydrostatic bearings. The high pressure gas 

40 is blown out from the hydrostatic bearings to the guide 
surfaces of the X direction guide to highly accurately 
support the X-table 53 with respect to the Y direction 
guide in a non-contact manner. The vacuum working 
chamber 31 is evacuated by vacuum pipes 19-2, 20a- 

45 2, 20b-2 connected to a vacuum pump or the like in a 
conventional structure. The inlet sides (within the work- 
ing chamber) of the pipes 20a-2, 20b-2 extend through 
the pedestal or fixed table 51 and are open near a po- 
sition at which the high pressure gas is pumped from 

50 the X-Y stage on the top surface of the table 51 , to max- 
imally prevent the pressure within the working chamber 
31 from rising due to the high pressure gas blown out 
from the hydrostatic bearings. 
[01 25] A differential pumping mechanism 25-2 is dis- 
ss posed around the electron beam emitting tip 72, so that 
the pressure in the electron beam irradiation space 30-2 
is held sufficiently low even If the pressure in the working 
chamber 31 is high. Specifk:ally, an annular member 



20 



37 



EP1 261 016 A1 



38 



26-2 of the differential pumping mechanism 25-2 at- 
tached around the electron beam emitting tip 72 is po- 
sitioned with respect to the main housing 30 such that 
a small gap (from several micron to several hundred mi- 
crons) 40-2 is fomied between the lower surface (the 
surface opposing the wafer W) and the wafer, and an 
annular groove 27-2 is fonned on the lower surface 
thereof. The annular groove 27-2 is connected to a vac- 
uum pump or the like, not shown, through an pumping 
pipe 28-2. Therefore, the small gap 40-2 is evacuated 
through the annular groove 27-2 and an evacuate port 
28-2, so that even if gas molecules attempt to invade 
from the working chamber 31 into the electron beam Ir- 
radiating space 30-2 surrounded by the annular mem- 
ber 1626, they are pumped, in this way, the pressure 
within the electron beam irradiation space 30-2 can be 
held low to in-adlate an electron beam without problem. 
[0126] The annular groove 27-2 may be in a double 
structure or in a triple structure depending on the pres- 
sure within the chamber or the pressure within the elec- 
tron beam irradiation space 30-2. 
[0127] For the high pressure gas supplied to the hy- 
drostatic bearings, dry nitrogen is generally used. How- 
ever, if possible, a highly pure inert gas is further pref- 
erable. This is because if impurities such as moisture 
and oil components are Included in the gas, these im- 
purity molecules will attach on the inner surface of the 
housing which defines the vacuum chamber and on the 
surfaces of components of the stage to deteriorate the 
degree of vacuum, and will attach on the surface of the 
sample to deteriorate the degree of vacuum in the elec- 
tron beam irradiation space. 

[0128] In the foregoing description, the sample or wa- 
fer W is not generally carried directly on the X-table 53, 
but carried on a wafer base or holder which has func- 
tions of removably holding the wafer, and making a slight 
positional change with respect to the X-Y stage, and so 
on. However, since the presence or absence of the sam- 
ple base, and Its structure are not related to the gist of 
the present invention, they are omitted for simplifying 
the description. 

[0129] Since the electron beam apparatus described 
above can use a hydrostatic bearing stage mechanism 
used in the atmosphere as it is, a highly accurate X-Y 
stage equivalent to a highly accurate stage for atmos- 
phere used In an exposure apparatus and so on can be 
implemented in an X-Y stage for an electron beam ap- 
paratus substantially at the same cost and in the same 
size. 

[01 30] The structure and positioning of the static pres- 
sure guides and actuators (linear motors) described 
above are merely embodiments in all sense, and any of 
static pressure guides and actuators can be applied if it 
is usable in the atmosphere. 

[0131] Fig. 22 shows exemplary values for the sizes 
of the annular member 26-2 of the differential pumping 
mechanism, and the annular groove 27-2 fomned there- 
in. In this example, the annular groove has a double 



structure comprised of 27a-2 and 27b-2 which are 
spaced apart in a radial direction. 
[0132] A flow rate of the high pressure gas supplied 
to the hydrostatic bearings is generally at about 20 U 
s min (converted to the atmospheric pressure). Assuming 
that the working chamber 31 is evacuated by a dry pump 
having an pumping speed of 20000 Umin through a vac- 
uum pipe having an inner diameter of 50 mm and a 
length of 2 m, the pressure in the chamber 31 is approx- 
10 imately 1 60 Pa (approximately 1 .2 Torr). In this event, If 
the dimensions of the annular member 26-2 of the dif- 
ferential pumping mechanism, annular groove and so 
on are determined as shown in Fig. 22, the pressure In 
the electron beam irradiation space 30-2 can be set at 
IS 10- 4 Pa (10- 6 Torr). 

[0133] Fig. 23 illustrates a piping system for the ap- 
paratus illustrated in Fig. 22. The worf<ing chamber 31 
defined is connected to a dry vacuum pump 53-2 
through vacuum pipes 74-2, 75-2. Also, the annular 
grove 27-2 of the differential pumping mechanism 25-2 
is connected to a turbo molecular pump 51-2, which Is 
an ultra-high vacuum pump, through a vacuum pipe 
70-2 connected to an evacuate port 28-2. Further, the 
inside of the column 71 is connected to a turbo molec- 
ular pump 52-2 through a vacuum pipe 71-2 connected 
to the evacuate port 1 8-2. These turbo molecular pumps 
51 -2, 52-2 are connected to the dry vacuum pump 53-2 
through vacuum pipes 72-2, 73-2. (While in Fig. 23, a 
single dry vacuum pump is In double use for a roughing 
pump as the turtle molecular pump and a vacuum evac- 
uation pump for the vacuum chamber, it Is contemplated 
that separate dry vacuum pumps may be used for evac- 
uation depending on the flow rate of the high pressure 
gas supplied to the hydrostatic bearings of the X-Y 
stage, the volume and inner surface area of the vacuum 
chamber, and the inner diameter and length of the vac- 
uum pipe.) 

[0134] The hydrostatic bearing of the X-Y stage are 
supplied with highly pure inert gas (Ng gas, Ar gas or 
the like) through the flexible pipes 21-2, 22-2. The gas 
molecules blown out from the hydrostatic bearings dif- 
fuse in the working chamber, and are exhausted by the 
dry vacuum pump 53-2 through the evacuate ports 1 9-2, 
20a-2, 20b-2. Also, the gas molecules introducing into 
the differential pumping mechanism and the electron 
beam Irradiation space are sucked from the annular 
groove 27-2 or the bottom of the column 71 , evacuated 
by the turiao molecular pumps 51-2 and 52-2 through 
the evacuate ports 28-2 and 1 8-2, and evacuated by the 
dry vacuum pump 53-2 after they have been pumped 
by the turbo molecular pump. In this way, the highly pure 
inert gas supplied to the hydrostatic bearings is collect- 
ed and evacuated by the dry vacuum pump. 
[01 35] On the other hand, the dry vacuum pump 53-2 
has an evacuate port connected to a compressor 54-2 
through a pipe 76-2, while the compressor 54-2 has an 
evacuate port connected to the flexible pipes 21 -2, 22-2 
through pipes 77-2, 78-2. 79-2 and regulators 61-2, 
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62-2. Therefore, the highly pure inert gas exhausted 
from the dry vacuum pipe 53-2 is again pressurized by 
the compressor 54-2, regulated to a proper pressure by 
the regulators 61-2, 62-2, and again supplied to the hy- 
drostatic bearings of the X-Y table. 
[0136] As described above, the gas supplied to the 
hydrostatic bearings must be purified as high as possi- 
ble to maximally exclude moisture and oil components, 
so that the \urbo molecular pumps, dry pump and com- 
pressor are required to have structures which prevent 
moisture and oil components from Introducing into gas 
flow paths. It is also effective to provide a cold trap, a 
filter or the like (60-2) in the middle of the discharge side 
pipe 77-2 of the compressor to trap impurities such as 
moisture and oil components mixed in a circulating gas 
such that they are not supplied to the hydrostatic bear- 
ings. 

[0137] In this way, since the highly pure inert gas can 
be circulated for reuse, the highly pure inert gas can be 
saved. In addition, since the inert gas is not supplied in 
an uncontrolled manner into a chamber in which the ap- 
paratus is installed, the possibility of accidents such as 
suffocation by the inert gas can be eliminated. 
[0138] The circulating pipe system is connected to a 
highly pure inert gas supply system 63-2 which serves 
to fill the highly pure inert gas Into the entire circulating 
system including the working chamber 31, vacuum 
pipes 70-2 - 75-2, and pressurizing pipes 1676 - 1680, 
and to supply the shortage If the flow rate of the circu- 
lating gas is reduced by some cause. 
[0139] It is also possible to use a single pump as the 
dry vacuum pump 53-2 and the compressor 54-2 by pro- 
viding the dry vacuum pump 53-2 with a function of com- 
pressing to the atmospheric pressure or higher. Further, 
the ultra-high vacuum pump for use In evacuating the 
column 72 may be implemented by a pump such as an 
ion pump, a getter pump instead of the turbo molecular 
pump. However, when such an entrapment vacuum 
pump is used, a circulating piping system cannot be built 
in this portion. Also, a dry pump of another configuration 
such as a diaphragm dry pump may of course be used 
instead of the dry vacuum pump. 
[01 40] in the constitutions of the electron beam emit- 
ting tip and the pumping mechanisms for the space 
around the emitting tip as described above, the stage 
apparatus can be accurately positioned in the vacuum 
worthing chamber. Further, it is possible to create high 
quality image data because the pressure around the 
emitting tip is hardly increased. These constitutions are 
applicable to embodiments of the electron beam appa- 
ratus which will be explained below, as well as the ap- 
paratus shown in Fig. 8. 

[01 41 J Next, a variety of embodiments of the electron 

beam apparatus according to the present invention will 
be described other than the embodiment illustrated In 
Fig. 8. 

[01 42] Fig. 24 illustrates an embodiment of an electro- 
optical system 70 which can be applied to the electron 



beam apparatus according to the present invention. In 
this embodiment, an electron gun is constructed to have 
a plurality of emitters 1 -3, 2-3, 3-3, i.e., multiple emitters 
for emitting multiple beams, and can conduct a desired 

s test even if one of these emitters fails. An electron beam 
emitted from each emitter is converged by condenser 
lenses 4-3, 6-3, and fonms a cross-over In an aperture 
9-3. Then, an image of the primary electron beams or 
multiple beams, ts focused on the surface of a wafer W 

10 through an objective lens 8-3. 

[0143] Secondary electron beams emitted from the 
wafer W are individually converged by an acceleration 
electric field created by the objective lens 8-3, and de- 
flected by the ExB separator 10-3 to be separated from 

15 the primary optical system. Then, the secondary elec- 
tron beams are enlarged by enlarging lenses 11 -3, 1 2-3, 
pass through a multl -aperture plate 1 3-3 formed with ap- 
ertures on the same circle, and are detected by detec- 
tors 14-3, 15-3, 16-3 to generate electric signals. The 

20 generated electrk: signals are processed in an image 
processing unit (not shown). 

[0144] With reference to Figs. 25 through 27, arrange- 
ments of emitter chips, i.e., electron beam emission 
sources 32-3 of the electron gun will now be described. 

25 [0145] In an example Illustrated in Fig. 25, the emitter 
chips 32-3 are linearty anranged in the Y direction to f omi 
a plurality of emitter chip groups 33-3. The emitter chip 
groups 33-3 are positioned on the same circle 31 -3 cen- 
tered at an optical axis C-3, and set such that when they 

30 are projected to a line in the X direction (the direction in 
which the primary electron beams are scanned on the 
wafer W) orthogonal to the optical axis C-3, the project- 
ed images of the emitter chips are spaced substantially 
at equal intervals in the X direction. This positional re- 

35 lationship is similar to that described above with refer- 
ence to Fig. 9[A]. The emitter chips 32-3 in the emitter 
chip group 33-3 are connected in parallel with power 
source, so that as one of the emitter chips is arisitrarily 
selected and only this chip is applied with a voltage, an 

40 electron beam can be emitted from the selected emitter 
chip alone. Since the emitter chip groups 33-3 are 
spaced from one another as described above, electron 
beams emitted from emitter chips respectively selected 
as described above from the emitter chip groups are 

45 spaced at equal Intervals In the X direction. Therefore, 
by scanning these electron beams In the X direction only 
in a spacing between irradiated spots of the electron 
beams on the surface of the wafer, the wafer is scanned 
over a width equal to (the spacing between spots) x (the 

50 number of emitter chips). Preferably, each of emitter 
chips is in the shape of cone, quadrangular pyramid, or 
the like. 

[0146] In an example of Fig. 26, emitter chip groups 

33-3 are comprised of a plurality of emitter chips 32-3 
55 positioned on the same circumference 31 -3, and similar 
to the case of Fig. 26, one artDitrary emitter chip in each 
emitter chip group can be applied with a voltage. Since 
the spacing between emitter chips applied with the volt- 
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ages slightly varies In the X direction depending on the 
selection of emitterchips, a scanning width must include 
a margin and be larger than the spacing between the 
spots described in connection with Fig. 25. 
[0147] In another example illustrated in Fig. 27, each 
emitter chip group 33-3 is comprised of emitter chips 
which are arranged in 3x3 matrix. By arranging them in 
a matrix, a large margin is not required for the scanning 
width as compared with the arrangement of the emitter 
chips illustrated in Fig. 26, and the field curvature can 
be minimized. 

[0148] In the electro-optical systems 70 described 
with reference to Figs. 24 through 27, the electron gun 
comprises a plurality of groups of emitter chips, and a 
voltage is applied to one emitter chip ariDitrarily selected 
from each emitter chip group to generate an electron 
beam. Therefore, even if any emitter chip fails, another 
emitter chip In the same group can be used to emit an 
electron beam, and thus it is possible to avoid a trouble 
due to a failure of an emitter chip. 
[0149] Fig. 28 illustrates another embodiment of the 
electro-optical system 70 utilized in the electron beam 
apparatus according to the present invention. In this em- 
bodiment, primary electron beams are comprised of 
multiple beams, and the field curvature aben-ation, 
which is the largest one of aberrations of the primary 
electron beams, can be limited. In this electro-optical 
system 70, a cathode 2-4 made of an LaBg single crystal 
which is processed to be multi-beam emitters, is placed 
at the center of an electron gun 1-4. An electron beam 
emitted from the cathode is converged by a condenser 
lens 3-4 to fomn a cross-over. A first multi-aperture plate 
4-4 is provided between the lens 3-4 and the cross-over, 
and is positioned such that apertures thereof substan- 
tially match locations at which respective beams from 
the cathodes 2-4 are strong. The beams passing 
through the multi-aperture plate are demagnified by two 
stages of reducing lenses 5-4, 7-4, further demagnified 
by an objective lens 10-4, and focused on a wafer W. In 
Fig. 28, 6-4 and 8-4 indicate a first and a second reduced 
image. 

[01 50] Electron beams emitted from the wafer W are 
converged by an accelerating electric field created by 
the objective lens 10-4, deflected by an ExB separator 
9-4 to be separated from the primary optical system, en- 
larged by enlarging lenses 12-4, 13-4, and detected by 
detectors 15-4 after passing through a second multi-ap- 
erture plate 14-4 having apertures arranged on the 
same circle, thereby they are converted to electric sig- 
nals. The resulting electric signals are processed in an 
image processing unit (not shown). 
[01 51 ] The electron gun 1 -4 comprises a LaB6 single 
crystal cathode of a themnal electron emission type. The 
shape of the cathode 2-4 at a bottom is illustrated in de- 
tail in Fig. 29 (front view) and Fig. 30 (side view). The 
cathode is generally made of an LaBg single crystal in 
the shape of a 2mm(|> cylinder As illustrated, the bottom 
is cut at an angle 22-4 of 45°, and an annular protrusion 



23-4 having a triangular cross-section is left along the 
peripheral edge of a bottom surface 24. Then, portions 
of the annular protmsion are cut off to form a plurality of 
protrusions in the shape of quadrangular pyramid hav- 
5 ing an incline 26-4 angled at 45*', i.e., emitter regions 
25-4. These emitter regions are set such that when they 
are projected to a line In the X direction (the direction in 
which the primary electron beams are scanned on the 
wafer W) orthogonal to the center line of the bottom sur- 
10 face 24-4 (the center line matches the optical axis of the 
primary electro-optical system), the projected emitter re- 
gions are spaced substantially at equal intervals in the 
X direction. This positional relationship is simiiarlo that 
described above in connection with Fig. 9[A]. To prevent 
15 electrons from being emitted from regions between the 
respective emitter regions and the bottom surface 24-4 
inside the emitter regions, a sufficient difference in 
height is taken between the bottoms of the emitter re- 
gions and these portions. 

[01 52] The electron gun having the cathode structure 
illustrated in Figs. 29 and 30 not only can be used as 
the electron gun for the electro-optical system in the 
third embodiment illustrated in Fig. 28, but also can be 
used as the electron gun for the electro-optical system 
in the first embodiment illustrated in Fig. 8. Further, it 
can be used as an electron gun for other embodiments 
of the electro-optical system 70 described below. 
[0153] In the electro-optical system in the electron 
beam apparatus described with reference to Figs. 28 
through 30, multiple beams can be properly generated 
by a single electron gun. In addition, since the field cur- 
vature can be substantially corrected, a large number of 
beams can be generated with the same aberration, 
thereby making it possible to significantly improve the 
throughput of a testing apparatus. 
[0154] Figs. 31 through 33 are a plan view and side 
views (partially cross-sectional views) illustrating anoth- 
er embodiment of an electron gun whrch can be applied 
to the electro-optical system 70 in the electron beam ap- 
paratus according to the present invention. These draw- 
ings illustrate, in enlarged view^ the vicinities of a cath- 
ode and a Wehnelt which constitute an electron beam 
emission region of the electron gun. The electron gun 
of this embodiment can also be used as an electron gun 
for any embodiment of the electron beam apparatus ac- 
cording to the present invention. The electron gun of this 
embodiment is capable of generating multiple beams 
with high pertormance, and moreover, the cathode of 
the electron gun can be readily aligned with a control 
electrode. 

[0155] As illustrated in Figs. 31 and 32, an electron 
gun 1 -5 of this embodiment comprises a cylindrical cath- 
ode body 2-5, and a control electrode, i.e., a Wehnelt 
5-5 arranged to surround a bottom of the cathode body 
2-5. The columnar cathode 2-5 has, at the bottom there- 
of, a plurality of (six in this embodiment) emitters 3-5 
which fonn electron beam emission regions. These 
emitters 3-5 have sharp peaks 4-5 fonmed by machining 
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the bottom of the cathode 2-5 into tapered shapes (py- 
ramidal shapes), and emit electron beams from the bot- 
toms. The position of the emitter 3-5 on the bottom of 
the cathode is previously detennined such that the dis- 
tance Lx behween mutually adjacent ones of the posi- s 
tions which are fomned by projecting the peaks 4-5 of 
the respective emitters on the X-axis, is constant. This 
relationship is similar to that described above with ref- 
erence to Fig. 9[A]. Also, the peaks of all the emitters 
3-5 are fomried to be present on the same plane P1 -PI , io 
as illustrated in Fig. 32. Atthough the two-dimensional 
interbeam distances, i.e., the two-dimensional distance 
between the peaks of the emitters 3-5 cannot be made 
equal to one another, distances d1 and d2 in the circum- 
ferential direction between the peak of an emitter 3a-5 ^5 
and peaks of adjacent emitters 3b-5 and 3f-5 can be 
made equal to each other by optimally selecting an an- 
gle G formed by a line whteh connects the bottom of the 
emitter 3a-5 with an axial line 0-0 of the cathode 2-6, 
which defines the optical axis of the electron gun 1-5, 20 
and the X-axis, as illustrated in Fig. 31 . The control elec- 
trode, i.e., the Wehnett electrode 5-5 has a cylindrical 
end closed by an end wall 6-5, as is apparent from Fig. 
32. The end wall 6-5 has through holes or apertures 7-5 
positioned con-espondingly to the respective emitters 3. 25 
The Wehneit electrode may have a single aperture of 
such dimensions that surround ail the emitters. 
[0156] The number of electron beam emission re- 
gions, i.e., emitters fonrted at the bottom of the cathode 
may be an arbitrary plural number equal to or larger than 30 
two. The shape of the emitter is not limited to the pyram- 
Idal shape illustrated in Figs. 31 and 32, but may be In 
an arbitrary shape such as a cone, by way of example, 
as long as such a shape can emit electron beams from 
its bottom. The cathode and Wehneit may be formed of 35 
the same materials as those in a conventional electron 
gun. Further, the size of the openings 7 fomied through 
the Wehneit can be detennined as appropriate. 
[01 57] The throughholes 7-5 need to be correctly po- 
sitioned with respect to the emitters 3-5. The positioning ^0 
is perfomned by an alignment mechanism illustrated in 
Fig. 33. In Fig, 33, the Wehneit electrode 5-5 is attached 
to a bottom of a cylindrical suppoiling base 8-5. A base 
plate 1 1 -5, which fonns a part of the alignment mecha- 
nism, is disposed in the supporting base 8-5. The base 
plate 11-5 is made of an insulating material, and carried 
on a plurality (in this embodiment, a total of four, two 
each on the X and Y-axis tines, though only two on the 
X-axis are shown in the drawing) of adjustable screws 
12a-5, 12b-5 screwed into a bottom plate 9-5 of the sup- so 
porting base 8-5. Between the base plate 11-5 and a 
spring receptacle 15-5 fixed on the supporting base 8-5, 
a spring (a leaf spring in this embodiment) 14-5 is inter- 
posed, so that the base plate 11-5 is normally urged by 
this spring toward the adjustable screws 12a-5, 12b-5. 55 
Preferably, the spring and spring receptacle are ar- 
ranged at positions corresponding to the adjustable 
screws 1 2a-5, 1 2b-5. On the supporting base 8-5, a plu- 



rality (in this embodiment, a total of four, two each on 
the X and Y-axis lines, though only two on the X-axis are 
shown in the drawing) of adjustable screws 13a-5-8b-5 
are screwed into the supporting base 8-5. The adjusta- 
ble screws 12a-5, 12b-5 can adjust the position of the 
base plate 1 1 -5 in the vertical direction, while the adjust- 
able screws 13a-5, 13b-5 can adjust the position of the 
base plate 11-5 in the X and Y directions. The cathode 
2-5 is fixed over the base plate 11-5 through a plurality 
of mounting members 17-5. 18-5 designates a heating 
pyrolic graphite for heating the cathode. 
[01 58] While in this embodiment, a leaf spring is em- 
ployed as the spring, a coil spring or another arbitrary 
elastically deformable elastic material may be used. 
[0159] In the alignment mechanism illustrated in Fig. 
33, the Wehneit and cathode have been prevlousfy ma- 
chined such that all the emitters 3-5 are simultaneously 
aligned with ail the through holes or apertures 7-5 of the 
Wehneit electrode 5-5, by matching a rotating direction 
(a rotating direction about the axial line 0-0 in Fig. 33), 
X direction (in the left-to-right direction on the sheet sur- 
face in Fig. 33), Y direction (in the direction vertical to 
the sheet surface in Fig. 33), and inclination of the cath- 
ode 2-5 with respect to the Wehneit electrode 5-5. Con- 
sidering the alignment in the rotating direction, errors 
can be limited within a range detemiined by the accura- 
cy during machining, if the alignment mechanism is 
manufactured to prevent relative rotation of the cathode 
2-5 to the Wehneit electrode 5-5. 
[01 60] An adjustment in the X direction is made using 
a pair of the adjustable screws 12a-5 and 12b-5 ar- 
ranged on the X-axis, and an adjustment in the Y direc- 
tion is made using a pair of adjustable screws (not 
shown) positioned on the Y-axis (in Fig. 33, an axial line 
which intersects the axial line 0-0 and is orthogonal to 
the sheet surface). When the inclination of the plane 
PI -PI (Fig. 32) with the plane on which the apertures 
exist (here, the plane on which the top surface of the 
end wall is positioned), i.e., a plane P2-P2 (Fig. 32) is 
wrong, the distance between the cathode and the Weh- 
neit In the Z direction (the direction vertical to the sheet 
surface in Fig. 33) is changed, so that the inclination is 
adjusted by the adjustable screws 1 2a-5, 1 2b-5, and two 
adjustable screws not shown (or two adjustable screws 
arranged in the direction vertical to the sheet surface). 
[0161] According to the electron gun as described 
above, the relative position of each of the multiple emit- 
ters to the each of the apertures of the Wehneit can be 
made identical to that of a single beam. Therefore, the 
intensity of each of the multiple beams can be made 
substantially similar to that of the single beam. 
[0162] Figs. 34 through 38 are diagrams for explain- 
ing further embodiments of the electron gun which can 
be employed in the electro-optical system 70 in the elec- 
tron beam apparatus according to the present invention. 
Likewise, the electron gun of this embodiment is appli- 
cable as the electron gun for embodiments of the elec- 
tro-optical system described below, other than the afore- 
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mentioned embodiments of the electro-optical system 
70. The electron gun of this embodiment is capable of 
emitting multiple beams having a relatively large beam 
current with small temporal fluctuations. 
[01 63] Figs. 34[A] and 35 illustrate a plan view and a 
side view of a bottom of a cathode 1-6 for use in the 
electron gun. The cathode 1-6 is formed by machining 
an LaBg column 10-6 having an end surface defined by 
a (100) surface of a single crystal LaBg and an outer 
diameter d1 . The end surface of this column is min-or 
polished, and two surfaces perpendicular to the end sur- 
face and held by carbon are also polished into parallel 
plain surfaces. When the LaBg column 1 0-6 Is machined 
to fonn the cathode, a jig borer is used. A tool a-6 made 
of a grinding stone having the structure shown in Fig. 
36 is mounted on the jig borer in place of a drill, and 
using this tool a-6, the LaBg column 10-6 is cut to and 
shaped to form a predetemriined number (six in this em- 
bodiment) of conical protrusions, i.e., emitters 12-6 are 
formed on a circle 1 5-6 centered at an optical axis. Bot- 
toms 13-6 of the emitters 12-6 form emission regions 
which can emit strong electron beams, as illustrated in 
Fig. 34[B]. As can be seen from the structure of the tool 
a-6 illustrated in Fig. 36 and described later extremely 
small plain surfaces ( 1 0 - 50 ^nrv^) comprised of polished 
end surfaces of the cylinder are left on the bottom 13-6, 
without cutting by the tool and electron beams are emit- 
ted from these plain surfaces. The number of the emit- 
ters 12-6 is six so that six electron beams can be gen- 
erated in this embodiment, and the positions of the emit- 
ters 12-6 are detemnlned such that spacing distances 
Lx between adjacent ones of the positions formed' by 
projecting the centers of the respective emitters 12-6, i. 
e. , the bottoms 1 3-6 onto the X-axis are all eq ual to one 
another. This is similar to that described in connection 
with Fig. 9(A]. The positions of the emitters can be cor- 
rectly detemiined as limited by the accuracy of the jig 
borer. By optimizing the angle e fornied by the X-axis 
and a line passing the bottom 1 3-6 of one emitter 1 2-6a 
and the axial line 0-0 of the cathode (Fig. 35), the ratio 
of a maximum value L1 to the best value L2 of the spac- 
ing distance between electron beams is approximated 
to 1 .0. This can be optimized by varying the diameter of 
the circle centered at the optical axis, and creating a de- 
sign drawing with the value of the spacing Lx being fixed. 
[0164] The tool a-6 illustrated in Fig. 36 comprises a 
mounting portion d-6 of a small diameter, for mounting 
on the jig borer, on one end side (on the lower side in 
Fig. 36[B]) of a columnar grinding stone; and a conical 
hole c-6 in an end surface d-6 on the other end side. 
The conical surface having the end surface b-6 and the 
conical surface constitutes a cutting surface to be used 
to cut the end surface of the LaB6 column 1 0-6. The tool 
a-6 is further formed with an axial hole e-6 which ex- 
tends from the bottom of the conical hole c-6 in the axial 
direction of the tool. This hole is provided for confirming 
through light whether a conical protrusion constituting 
an emitter Is fomned at a connect position. In addition, a 



coolant and an abrasive material may be Introduced 

from this hole. When cut with this tool a-6, small ground 
plain surfaces are left on the leading surface of the cone, 
without being cut, due to the existence of the axial hole, 
s as described above. Alternatively, in place of the grind- 
ing stone, a cutting tool having diamond grains embed- 
ded in a metal may be used. 

[01 65] Figs. 37 and 38 illustrate the structure which is 
a combination of the cathode 1 -6 and Wehnelt 2-6 illus- 

10 irated in Figs. 34 and 35. The Wehnelt 2-6 comprises a 
cylinder section 21 -6 surrounding the circumference of 
the cathode 1-6, and an end wall 22-6 surrounding the 
end surface. The end wall 22-6 is formed with a plurality 
(six in this embodiment) of throughholes or apertures 

15 23-6 aligned to the positions of the bottoms 1 3-6 of the 
emitters on the cathode. Since the equl-potential sur- 
face near the throughholes 23-6 of the Wehnelt 2-6 is 
recessed toward the emitters at the positions of the 
holes 23-6, as indicated by a dotted line Ev, electron 

20 beams emitted from the emitters are drawn out. Since 
the end portion of the cathode 1 -6 (except for the bottom 
regions of the emitters) is surrounded by the end wall 

22- 6 of the Wehnelt 2-6, even if an uncut portion 16-6 
exists on the end surface of the cylinder 10-6, no 

25 throughhole is formed in the end wall of the Wehnelt cor- 
responding to that position, so that no electron beam will 
be emitted to the outside. Therefore, the shape of the 
cathode at a position except for those facing the holes 

23- 6 may be anyhow. 

30 [0166] In essence, it is only required that the LaB6 
conical Is accurately left as the emitter and the afore- 
mentioned extremely small ground plain surfaces (1 0 - 
50 ^im(|>) are left on the bottoms of the emitter. Also, cut 
traces may be left on the inclines of conical emitters. 

35 Furthemnore, the areas of the plain surfaces at the bot- 
toms of the respective emitters may vary as long as the 
total area of all (six in this embodiment) the plain sur- 
faces is equal to or less than 100 ^m^. 
[0167] While the foregoing embodiment of the elec- 

40 tron gun has been described for the emitter the shape 
of which is conical, the shape of the emitter is not limited 
to be conical, but may be pyramidal (for example, in the 
shape of quadrangular pyramid). 
[0168] In the electron gun described above, since a 

45 fine grinding stone is used for grinding and machining, 
a rigid and fragile crystalline material such as LaBg can 
be machined. Also, since the positional accuracy of the 
emitters is detemriined by the accuracy of the jig borer, 
an accuracy of approximately 50 \im can be achieved. 

50 Also , since the plain surfaces at the bottoms of the emit- 
ters are machined only In the initial mirror polishing, the 
positions in the optical axis and the surface roughness 
are held in a high accuracy. Moreover, since the cathode 
portions other than those facing the throughholes of the 

55 Wehnelt may have any shape, the cathode is easy to 
manufacture. 

[0169] Figs. 39 through 42 illustrate other embodi- 
ments of an electron gun which is applicable to the elec- 
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tro-optical system 70 comprised in the present inven- 
tion. Likewise, the electron gun of this embodiment can 
be used as an electron gun for any electro-optical sys- 
tem 70 in the electron beam apparatus according to the 
present invention. Also, this embodiment of the electron 
gun facilitates the manufacturing of a cathode for emit- 
ting multiple beams, and Is capable of emitting multi- 
beams without variations in intensity. 
[0170] Fig. 39 illustrates the shape of a bottom of a 
cathode in the electron gun of this embodiment, wherein 
Fig. 39[A] is a top plan view, Fig. 39[B] Is a cross-sec- 
tional view taken along a line B-B in Fig. 39[A1, and Fig. 
39[C] is a cross-sectional view taken along a line C-C 
in Fig. 39[A]. A method of manufacturing the cathode 
illustrated in Fig. 39 will be described. First, a Ta (tanta- 
lum) single crystal with an end surface having a crystal 
orientation <310> is used, and one surface thereof is 
mirror polished to form a mirror surface 2-7 (Figs. 39[B] 
and 39C). Then, two surfaces 1-7 (Fig. 40) exhibiting a 
good orthogonality to the mirror surface 2-7 are formed, 
and heated as sandwiched by graphite. Subsequently, 
both sides of the mirror surface 2-7 are cut at an angle 
of approximately 45** while leaving a circumference hav- 
ing a width of 1 0 nm in the radial direction at a position 
of the mirror surface 2-7 at which a protrusion is formed 
for the cathode. In this manner, as Illustrated in Fig. 39 
[B], a ridge-shaped solid is fonned having a min-or sur- 
face circumference with a radial width of 1 0 ^m, and two 
opposing inclines 3-7 with a relative angle, i.e., an aprcal 
angle of approximately 90°. 

[0171] Next, orthogonal X-axis and Y-axis are deter- 
mined, and directions X' and Y' fomiing an angle <|> to 
these two axes are determined. The X-axis indk:ates a 
direction in which the electron beams are scanned, and 
the Y-axis indicates the direction orthogonal to that. 0 is, 
for example, 5°. Then, four points P1 - P4, crossing in 
the X' and Y' directions are marked on the circumference 
of the ridge-shaped solid, and another four points P5 - 
P8 are marked. In this event, the value of the angle <|> is 
determined and points P5 - PS are positioned such that 
the eight points PI - PB, when projected onto the X-axis, 
are spaced at equal intervals (similar to the arrangement 
illustrated in Fig. 9[A]). Then, eight quadrangular trun- 
cated conical protrusions having the points P1 - PB as 
peaks, and substantially rectangular bases are fonned 
by cutting the ridge-shaped solid (Fig. 39[A]). The pro- 
trusions formed in this event is as shown in Fig. 39C, 
wherein a top surface has a width of 50 ^m in the azi- 
muth direction (circumferential direction), and two in- 
clines 4-7 formed by the new cutting have an angle of 
approximately 45° to the mirror surface 2-7, therefore, 
the relative angle, i.e. an apical angle of the two inclines 
is set to approximately 90°. 

[0172] in the foregoing manner, eight quadrangular 
truncated conical protnjsions each with a top surface 
having a rectangular shape of 10 urn x 50 fim, which, 
when projected onto the X-axis, are spaced at equal in- 
tervals, are formed as illustrated In Fig. 40. 



[0173] Since a Ta single crystal is available at a rela- 
tively low cost and readily machined, the cathode can 
be readily manufactured. Though its work function is rel- 
atively high, i.e., 4.1 eV, it can be used if the cathode 
5 temperature is increased. 

[0174] Fig. 41 illustrates a main portion of an electron 
gun which comprises such a cathode as illustrated in 
Figs. 39 and 40, wherein 24-7 designates graphite; 25-7 
a supporting electrode; and 26-7 a Wehnelt electrode. 
10 The cathode is sandwiched by the graphite 24-7, and 
supported by the supporting electrode 25-7. The Weh- 
nelt electrode 26-7 which covers the entire surface of 
the cathode is formed with eight throughholes 26a-7 - 
26h-7 corresponding to the protrusions on the cathode, 
15 and the center of each throughhole is aligned to the 
center of a corresponding protrusion by adjusting the 
supporting electrode 25-7 in the X and Y directions. 
[0175] Further, the parallelism of the surface of the 
Wehnelt electrode 26-7 to a plane which connects the 
bottoms of the cathode requires an accuracy. In other 
word, the distances between the surfaces of the holes 
of the Wehnelt electrode 26-7 and the cathode in the 
optical axis direction must be substantially identical for 
all of the eight protnjsions. Therefore, the supporting 
electrode 25-7 is provided with a device (not shown) for 
adjusting the inclination of the cathode. Also, for match- 
ing absolute values of the distances in the optical axis 
direction, a device (not shown) is provided for moving 
the Wehnelt electrode 26-7 in the optical axis direction. 
[01 76] Fig. 42 is a diagram for explaining a further em- 
bodiment of the electron gun which can be applied to 
the electro-optical system 70 in the electron beam ap- 
paratus according to the present invention. Likewise, 
the electron gun of this embodiment can be used as an 
electron gun for any electro-optical system 70 in the 
electron beam apparatus according to the present in- 
vention. Also, this embodiment facilitates the manufac- 
turing of a cathode for emitting multiple beams, and is 
capable of emitting multi-beams without variations in in- 
tensity. Fig. 42 illustrates only the cathode of the elec- 
tron gun in this embodiment. Fig. 42[A] is a plan view of 
the cathode, and Fig. 42[B] is a cross-sectional view tak- 
en along a line B-B in Fig. 42[A]. In Fig. 42[A]. 21 -7 des- 
ignates a column of single crystal Hf (hafnium). The pro- 
vided column has a crystal orientation of <100> on the 
end surface, and the surface is machined to leave eight 
protrusions 22-7 on a circumference of 4mm diameter, 
as Is the case with Fig. 39. However, in this event, each 
protrusion 22-7 has a plain portion of approximately 30 
^m diameter left on its peak, as illustrated in Fig. 42[B], 
and is in the shape of circular truncated cone having an 
apical angle of approximately 90°. The plain portion has 
an end min^or polished before the protrusions are ma- 
chined, thereby holding the eight plain portions substan- 
tially In the same plain shape. Since Hf has a low wori< 
function of 3.4 eV, electrons can be emitted at a temper- 
ature lower than Ta. 

[01 77] The cathode having the structure Illustrated in 
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Fig. 42 is incorporated in the electron gun Illustrated in 

Fig. 41 , and the supporting electrode 25-7 is adjusted 
in the X and Y directions to align the center of each pro- 
trusion to the center of a corresponding hole. Also, as 
described in connection with Fig. 41, the inclination of 
the cathode is adjusted by the supporting electrode 
25-7, and the Wehnelt 26-7 is moved in the optical axis 
direction for adjustment to match the absolute values of 
the distances in the optical axis direction. 
[0178] In the two embodiments of the electron guns 
described with reference to Figs. 39 through 42, the 
cathode is provided with eight protrusions so that eight 
electron beams can be emitted. However, it goes with- 
out saying that an arbitrary number of protrusions can 
be provided, not limited to eight. Also, the size of the 
plain surface at the bottom of the protrusion is not limited 
to the example described above, and may be set to an 
appropriate size. However, it is preferable to set the di- 
ameter to 50 \irr) or less, or the width in the radial direc- 
tion to 10 nm or less, and the width in the azimuth direc- 
tion to lOOfim or less. 

[01791 In the electron gun described above, when the 
cathode for emitting multiple beams is formed of single 
crystal Ta, which facilitates the machining, the cathode 
is readily manufactured. When the cathode is fomned of 
single crystal Hf, the work function of the cathode can 
be reduced. Since a single crystal is used, no variations 
are found in material, so that there is few variations in 
the intensities of multiple beams. 
[01 80] The materials for the cathode for emitting mul- 
tiple beams, and the shape of the bottom, so far de- 
scribed, can be applied to a cathode for emitting a single 
beam. 

[0181] Fig. 43 illustrates another embodiment of the 
electro-optical system 70 incorporated in the electron 
beam apparatus according to the present invention, to- 
gether with a CPU 15-8 which is a control unit therefor. 
In this embodiment, a Zr-W thermal field emission cath- 
ode 2-8 is disposed in a Schottky shield 1 a-8 of an elec- 
tron gun 1 -8. This cathode 2-8 has a bottom slightly pro- 
jected from the Schottky shield 1 a-8 to emit an electron 
beam parallel with the optical axis from the bottom. In 
the present invention, the cathode 2-8 is projected more 
downward from the Schottky shield 1 a-8 to facilitate the 
emission of electron' beams from four surfaces of <1 00> 
in an upper portion of the cathode. 
[01 82] The electron beams emitted from the four sur- 
faces in the upper portion of the cathode characteristi- 
cally is larger (stronger) In luminance than the electron 
beam emitted from the bottom of the cathode because 
the surfaces are close to a heating portion. The five elec- 
tron beanns emitted from the four surfaces in the upper 
portion of the cathode and from the bottom of the cath- 
ode are converged by a condenser lens 3-8 to Image 
cross-over on an aperture 5a-8 on an aperture plate 5-8. 
A first multi-aperture plate 4-8 is placed adjacent to and 
below the condenser lens 3-8. As illustrated in Fig. 44, 
the first multi-aperture piate 4-8 has smalt apertures 4a- 



8 of 5 \xn\^ at locations quadrisecting a circumference 

centered at the optical axis. The small apertures 4a-8 
transfer therethrough the four strong electron beams 
emitted from the four surfaces in the upper portion of the 
5 cathode. The first multi-opening plate 4-8 intercepts the 
electron beam which travels on the optical axis. 
[0183] As illustrated in Fig. 44, the four small aper- 
tures 4a-8 on the first multi-aperture plate 4-8 is set such 
that distances D between the adjacent small apertures 
10 4a-8 are equal, and when projected in the X direction, 
three distances Lx between the adjacent small aper- 
tures 4a-8 are equal (similar to that in Fig. 9[A]). The 
electron beams which have passed the four small aper- 
tures 4a-8 are reduced by a reducing lens 6-8 and an 
IS objective lens 8-8. In this manner, when a reduction ratio 
is 1/50, for example, electron beams of 1 00 t\m^ are pro- 
duced on the surface of a wafer W. When electron 
beams are spaced at intervals of 1 00 ^im on the surface 
of the wafer, the distance Lx between the small aper- 
tures 4a-8 on the opening plate 4-8 projected in the X 
direction may be changed to 5 mm. 
[01 84] This reduction ratio of 1 /50 can be largely var- 
ied by slightly changing the excitation of the reducing 
lens 6-8 and objective lens 8-8. Secondary electrons 
generated by the irradiation of the primary electron 
beams are accelerated by the objective lens 8-8, and 
enlarged by the enlarging lenses 10-8 and 11-8 and fo- 
cused on small apertures on a second multi-aperture 
plate 12-8 for detection. 

[0185] The secondary electrons traveling near the 
second multi-aperture plate 1 2-8 substantially fully pass 
the small aperture by a convex lens action which Is pro- 
duced by a high voltage applied to a detectors 1 3-8 and 
leaking from the small holes, and are detected by the 
four detectors 1 3-8 and processed into an image by an 
image forming unit 14-8. By comparing images of cor- 
responding locations of different chips, defects and the 
like can be detected. 

[0186] In the electron beam apparatus illustrated in 
Fig. 43, in order to prevent the secondary electrons gen- 
erated by the irradiation of the four primary electrons 
from cross-talking, the distance D between the adjacent 
primary electron beams (Fig. 44) may be taken larger 
than the sum (P+Q) of a blurred beam P converted into 
a position on the wafer of a secondary optical system 
and extension Q of back scattered electrons of the pri- 
mary electron beams. Since the sum (P+Q) varies de- 
pending on the energy of the primary electron beams, 
a large spacing D must be taken between the primary 
electron beams for entering high energy primary elec- 
tron beams. For this purpose, the excitation of the re- 
ducing lens 6-8 may be adjusted in a direction in which 
the focal distance becomes longer, by an instruction of 
the CPU 15-8, to adjust the reduction ratio to approach 
one. These adjusting parameters are stored in a mem- 
ory associated with the CPU 1 5-8. and fetched and used 
as required for instructions. 

[0187] The prevention of cross-talk by adjusting the 
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reducing lens can be applied to electro-optical systems 

in the electron beam apparatus in ottier embodinnenls 
disclosed in the present specifications and their exem- 
plary modifications, not limited to the electron beam ap- 
paratus illustrated in Fig. 43. s 
[01 88] Figs. 45 and 46 are diagrams for explaining the 
principles of providing information at a location deeper 
than a surface 23-8 of the wafer W, when image infor- 
mation of the wafer is acquired using the electron beam 
apparatus according to the present invention. As illus- io 
trated in a right-hand region of Fig. 45, when a primary 
electron beam 24-8 scans a location beneath the sur- 
face 23-8 of the wafer W at which a pattern 25-8 of a 
different material such as tungsten exists, secondary 
electrons 27-8 are emitted from an incident point on the ^5 
surface 23-8, and secondary electrons 26-8 are gener- 
ated when reflected electrons 27-8 of back scattered pri- 
mary electrons by the pattern 25-8 exit from the surface 
of the wafer. As illustrated in a left-hand region of Fig. 
45, when primary electrons 21-8 scan a location be- 
neath the surface 23-8 at which no pattern exists, sec- 
ondary electrons 22-8 are emitted from the surface 23-8. 
[01 89] Fig. 46 is a graph showing the amount of gen- 
erated secondary electrons on the vertical axis, with the 
horizontal axis representing the energy of the primary 25 
electrons. The secondary electrons 22-8 or 27-8 exhibit 
an intensity distribution which has a peak value in a left- 
hand portion of the graph in Fig. 46, while the secondary 
electrons 26-8 exhibit an intensity distribution which has 
a peak value in a right-hand portion. Therefore, when 30 
the secondary electrons 22-8, 27-8 are removed as off- 
sets, the secondary electrons 26-8, i.e., infomnation on 
layers beneath the surface of the wafer W can only be 
acquired. 

[0190] Since the secondary electrons 26-8 emitted 35 
from a deep location of the wafer are not generated un- 
less the primary electron beam has a certain level of en- 
ergy, the energy of the primary electron beam must be 
increased to approximately 1 00 kV or higher. The ener- 
gy of approximately 1 00 kV is such that the energy still 
remains when the primary electron beam returns after 
it has been reflected by a pattern deep beneath the wa- 
fer. For acquiring pattern information at a location not 
deep, the energy of the primary electron beam may be 
lower. Also, for evaluating the surface of the wafer, ap- 
proximately 0.5 keV is suitable, in other words, the en- 
ergy of the primary electrons may be changed as appro- 
priate in a range of 0.5 keV to 1 00 keV depending on 
the depth from the surface. 

[0191] The electron beam apparatus described with so 
reference to Figs. 43 through 46 can realize a high 
throughput, and set the energy of the primary electron 
beams in accordance with particular purposes, so that 
damages on a sample or a wafer can be minimized. 
[0192] In a multi-beam based electro-optical system ss 
of a conventional electron beam apparatus, multiple 
beams are incident from an oblique direction to a wafer 
W, so that a beam spot generated by each beam results 



in the shape of ellipse which Is longer in the beam inci- 
dent direction, i.e., In a direction in which the beam is 
projected onto the wafer, thereby giving rise to a prob- 
lem that a longitudinal resolution is degraded. Also, in 
an electron beam apparatus which continuously moves 
a stage, variations in speed are Inevitable even if the 
stage is moved at a constant speed. Since variations In 
the speed of the stage result in a failure In acquiring pixel 
data appropriately corresponding to positions on the 
surface of the wafer, no appropriate evaluations can be 
achieved. Further, the stage nonnally includes parts 
made of metals and the like, and as such a stage is 
moved, eddy currents are generated in the metal parts 
by interactions with a magnetic field created by a deflec- 
tor of the electro-optical system. Since the eddy currents 
generate magnetk; fields, a problem arises in that such 
magnetic fields change a direction in which electron 
beams are deflected. 

[0193] Fig. 47 Illustrates an embodiment of the elec- 
tron beam apparatus according to the present invention 
which can solve the just before mentioned problems of 
the prior art example. This embodiment adds a laser mir- 
ror 20-9, a laser interferometer system 21 -9, a deflection 
amount correcting circuit 22-9, and a secondary elec- 
tron deflector 23-9 to the electro-optical system 70 in 
the electron beam apparatus illustrated In Fig. 8, and 
removes the enlarging lens 742 in the secondary optical 
system. Therefore, description on components and op- 
erations Identical to those of the electron beam appara- 
tus In Fig. 8 is omitted, and operations related to the 
newly added components will be described. 
[0194] In Fig. 47, as a Y-table of a stage apparatus 
50, on which a wafer W is carried, is continuously moved 
In the Y direction, the moving speed and current position 
are detected by the laser mirror 20-9 and the laser inter- 
ferometer 21 -9. While a majority of the stage apparatus 
50 is fonned of insulating materials such as ceramics, 
metal materials are used for metal parts such as bear- 
ings and coatings on surfaces. 
[0195] On the other hand, an ExB deflector 725 in- 
cluding an electromagnetic deflector generates a rela- 
tively large static magnetic field. Since this static mag- 
netic field extends over the stage apparatus 50, an eddy 
cun-ent Is generated when the Y-table is moved at a high 
speed. Then, a magnetic field is generated by the eddy 
cun^ent, and as a result, primary electron beams and 
secondary electron beams are undesirably deflected. If 
the primary electron beams are undesirably deflected, 
the primary electron beams are irradiated to a location 
deviated from an Intended location. On the other hand, 
If the secondary electron beams are undesirably deflect- 
ed, the secondary electron beams cannot be efficiently 
passed through small apertures of a second multi-aper- 
ture plate 743 or are Introduced Into adjacent openings. 
[0196] For correcting the deflection of the primary 
electron beams and secondary electron beams due to 
the magnetk: field generated by the eddy cun-ent, the 
relationship between the stage moving speed and the 
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respective amounts of deflection for the primary electron 
beams and secondary electron beams has been previ- 
ously measured through a test in actual use, and the 
relationship between them has been previously stored 
in a corrective deflection amount table in the deflection s 
amount correcting circuit 22-9. The deflection amount 
correcting circuit 22-9 is provided as a part of a control 
unit 2 (Fig. 1), and searches the corrective deflection 
amount table for the amounts of deflection to be correct- 
ed for the primary electron beams and secondary elec- io 
tron beams based on the moving speed of the Y-table 
measured by the laser interferometer 21 -9, and controls 
the electrostatic deflectors 725 and 23-9 con-esponding 
thereto to connect the amounts of deflection for the pri- 
mary electron beams and secondary electron beams. In ^5 
this manner, since the primary electron beams and sec- 
ondary electron beams are provided with essential 
amounts of deflection, they can reach positions intend- 
ed thereby for irradiation and detection. 
[0197] Also, when the deflection amount correcting 20 
circuit 22-9 detects variations in the stage speed while 
the Y-table of the stage apparatus 50 is being moved to 
create image data, the circuit converts that Into position- 
al fluctuations and corrects the positional fluctuations. 
The positional fluctuations are calculated by integrating 25 
the variations in speed over time. Also, the positional 
fluctuations are corrected by inverting the sign of a volt- 
age calculated by dividing the amount of positional fluc- 
tuations by a deflection sensitivity and supplying the in- 
verted voltage to electrostatic deflectors (in the ExB de- 30 
fleeter 725, and deflector 727) in the primary optical sys- 
tem and the electrostatic deflector 23-9. 
[01 98] Since the electrostatic deflector for correcting 
the amount of deflection for the primary electron beams 
is positioned behind the reducing lens 724, a light path 35 
to the reducing lens 724 will not be changed even if the 
amount of deflection Is changed, so that the intensity of 
the primary electron beams will not be changed by the 
correction. Similariy since the electrostatic deflector 
23-9 for correcting the amount of deflection for the sec- ^0 
ondary electron beams is positioned behind an enlarg- 
ing lens 741 in the secondary optical system, blurred 
secondary electron beams will not be exacerisated even 
if the correction is made. 

[01 99] The electron beam apparatus illustrated in Fig. ^5 
47 can correct undesired deflection for the first and sec- 
ond electron beams caused by the eddy current asso- 
ciated with the movement of the stage, and therefore 
acquire image data corresponding to appropriate posi- 
tions of a sample. Also, a correction can be made even so 
if the stage speed varies. Further, the generation of 
cross-talk can be reduced, even if multiple beams are 
used, by setting the distance between the adjacent pri- 
mary electron beams in"adiated onto a sample to be larg- 
er than the resolution of the secondary optical system. 55 
[0200] Fig. 48 illpstrates another embodiment of the 
electron beam apparatus according to the present in- 
vention. This embodiment adds a device for adjusting a 



beam diameter using a standard mark 49-1 0 to the elec- 
tro-optical system 70 illustrated in Fig. 8. Therefore, de- 
tailed description on components and operations iden- 
tical to those of the electron beam apparatus in Fig. 8 is 
omitted. 

[0201] Specifically, the conventional electron beam 
apparatus is disadvantageous In requirements of a long 
time for a test due to an excessively small pixel size de- 
pending on objects under testing, and a failure in pro- 
viding a sufficient resolution due to an excessively large 
pixel size, on the contrary, since the pixel dimension Is 
not changed even if a fine pattern is tested, a coarse 
pattern is tested, or a pattem dimension of an object un- 
der testing varies. Further, for enlarging a beam diame- 
ter, the conventional electron beam apparatus intention- 
ally blurs a beam to enlarge the beam diameter, without 
utilizing at all the advantage that a beam current is in- 
creased as the beam diameter is enlarged, so that the 
conventional electron beam apparatus is disadvanta- 
geous In that the S/N ratio is largely lost when the beam 
diameter is enlarged. The electron beam apparatus il- 
lustrated in Fig. 48 can solve these problems. 
[0202] In the electron beam apparatus illustrated in 
Fig. 48, a signal detected in a detector 761 is processed 
in an image processing unit 763, and stored in an image 
storage device 43-10 under control of a CPU 41 -10 in a 
control unit 2 (Fig. 1). Then, the detected signal is dis- 
played on a monitor 45-10, and compared with a stand- 
ard pattern or image data of the same die on a different 
wafer to periorm evaluations such as detection of de- 
fects, 

[0203] As previously described in connection with the 
electro-optical system 70 in the electron beam appara- 
tus illustrated in Fig. 8, when primary electron beams 
passing through the respective apertures of the first mul- 
ti-aperture plate 723 are focused on the surface of a wa- 
fer W. and secondary electron beams emitted from the 
wafer are focused on the detectors 761 , it is necessary 
to pay particular attention to minimize the influence of 
distortion and field curvature produced In the primary 
optical system and secondary optical system. Also, as 
described above, in regard to the relationship between 
the distances between the adjacent primary electron 
beams and the secondary optical system, cross-talk be- 
tween a plurality of beams can be eliminated by spacing 
the primary electron beams by a distance larger than 
the aberration of the secondary optical system. 
[0204] Fig. 49 illustrates layouts of standard mar1<s 
49-1 0 of a plurality of pattern sizes mounted on the stage 
apparatus 50. In the figure, 49-1 Oa shows an L&S pat- 
tern (line and space pattern) of 0.05 n^i, while 49-1 Ob 
shows an L&S pattem of 0.1 (im. In this manner, several 
kinds of standard marks corresponding to line widths of 
patterns under evaluation have been provided on an 
X-Y stage. Fig. 49 shows only two kinds of representa- 
tive standard marks. 

[0205] Before conducting a test or the like, the X-Y 
stage of the stage apparatus 50 Is moved to select a 
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standard mark 49-10 which matches the size of a pat- 
tern under detection on a wafer W and aligns the select- 
ed standard marie to the optical axis of the primary op- 
tical system, and the beam diameter Is changed in the 
following approach to select an optimal beam diameter 
or a beam current suitable for the dimension of the pat- 
tern under detection. 

[0206] in other words, the beam diameter can be 
changed by changing the brightness of a beam from an 
electron gun by changing a bias voltage applied to a 
Wehnelt of an electron gun 721. As a smaller bias is 
applied to the Wehnelt, a current of the electron gun is 
increased to enhance the brightness, resulting in a larg- 
er current of the multiple beams. As the beam current 
of the multiple beams is increased, the beam diameter 
becomes larger due to a space charge effect. 
[0207] Also, as another method of changing the beam 
diameter, a reducing lens 724 and an objective lens 726 
are acted as a zoom lens to change the beam dimen- 
sion. In this case, since the reduction ratio is also ad- 
justed in a direction in which it approaches one to in- 
crease the beam cun'ent, the beam diameter becomes 
larger as well. However, in this case, the spacing be- 
tween beams in the multiple beams also changes in the 
same proportion, the method of changing the bias ap- 
plied to the Wehnelt may be employed if the spacing 
between the beams is not to be changed. 
[0208] Fig. 50 shows wavefonns of signals detected 
by a detector which is observed by the monitor 45-10 
when the standard marks 49-10a, 45-1 Ob are scanned 
by the multiple beams. Figs. 50a-1 • 50a-3 show signals 
when the standard mark 49-1 Oa is scanned with a var- 
iously changed beam dimension, and Figs, 50b- 1 - 50b- 
3 show signals when the standard mark 49-1 Ob is 
scanned with a variously changed beam dimension. 
[0209] Figs. 50a- 1 shows a signal when the beam di- 
ameter is enlarged more than the line width, in which 
case a beam having a dimension larger than the line 
width is used for scanning, in spite of a large beam cur- 
rent, so that the contrast S of the signal is not so large, 
and noise N exhibits a large value due to the large beam 
current. The S/N ratio is approximately 3.4. 
[021 0] Figs. 50a-3 shows a signal when the beam di- 
ameter is extremely small, in which case although a 
faithful wavef ornfi (near a square wave) is generated, the 
contrast S of the signal is not large due to the small beam 
current. Also, the noise N is small corresponding to the 
beam current which is small, and the S/N ratio is approx- 
imately 6.25. 

[021 1] Figs. 50a-2 shows a signal when the beam di- 
ameter is suitable, In which case a blurred beam exhibits 
an adequate value, the beam cun'ent is relatively large, 
the signal has large contrast S, and the S/N ratio is ap- 
proximately 12.3. 

[021 2] Whether to select Fig. 50a-2 or 50a-3 may be 
based on which has a larger (contrast/noise) ratio. In the 
illustrated example, the beam diameter whbh results in 
the pattem shown in Fig. 50a-2 may be selected for the 



mark 49-1 Oa, 

[0213] For the mark 49-1 Ob, a similar calibration is 
made to select a beam dimension or a beam diameter 
suitable to this line width. In the shown example, the 
s beam diameter which results in the pattern of Fig. 50b- 
2 may be selected. 

[021 4] In this manner, a beam diameter or a beam cur- 
rent may be selected in accordance with a pattem di- 
mension under estimation such that the S/N ratio of a 
secondary electron signal detected by the detector is 
maximized. More specifically, regular standard pattems 
having different pitches are placed on the X-Y stage. A 
device is provided for storing signal wavefonns gener- 
ated when the regular standard patterns are scanned. 
A device for calculating the amplitudes (S) of the signals 
from the signal waveforms, a device for calculating the 
amplitude (N) of noise, and a device for calculating the 
S/N ratio are provided. A plural kinds of beam diameters 
are set, and a regular pattem having a pitch twice the 
thinnest line width of a pattern under evaluation is 
scanned by these beam diameters, and the S/N ratios 
are calculated to select the beam diameter which exhib- 
its the highest S/N ratio, thereby making it possible to 
evaluate a high S/N ratio for all patterns under evalua- 
tion. 

[021 5] Alternatively, as the regular standard patterns, 
standard patterns maybe found on a wafer under testing 
for use, instead of those on the X-Y stage, to examine 
the (signal/noise) ratio for the found patterns in a similar 
manner. The method according to the present invention 
does not necessarily require the multiple beams, but can 
be applied to an evaluation of a pattern when a single 
beam is used for scanning. 

[0216] The electron beam apparatus described with 
reference to Figs. 48 through 50 can ensure a required 
S/N ratio even at a higher scanning speed, and also en- 
sure a high S/N ratio even without an averaging process. 
Also, since the beam diameter or beam current can be 
selected in accordance with a pattern under evaluation 
to maximize the S/N ratio, a high throughput can be re- 
alized at a high resolution in-espective of the size of a 
pattern under evaluation. 

[021 7] Fig. 51 illustrates a further embodiment of the 
electron beam apparatus according to the present in- 
vention. This electron beam apparatus employs the 
electro-optica) system in the embodiment illustrated In 
Fig. 8, and adds a device for preventing excessive irra- 
diation of electron beams. Therefore, description on 
components and operations identical to those of the 
electron beam apparatus in the embodiment of Fig. 8 is 
omitted, and operations related to the newly added com- 
ponents will be described. 

[0218] In Fig. 51 , 26-11 designates trajectories of two 
secondary electrons positioned on a diameter, out of 
secondary electrons emitted from points on a circumfer- 
ence irradiated with primary electron beams, which are 
emitted onto the surface of the wafer W in the vertical 
direction. An iris 28-11 is provided at a position at which 
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these trajectories intersect the optical axis such that the 
aberration becomes smaller than a minimum value of 
beam spacings or distances of the primary electron 
beams, as converted on the surface of the wafer. Also, 
in Fig. 51 , 730 designates an axially symmetric elec- 
trode for measuring a potential of a pattern on the wafer 
W. 

[0219] How to control the amount of irradiated primary 
electron beams will be described. Multiple beanrrs are 
deflected by a deflector 35-11 at fly-back of scanning, 
the beams are blocked by a knife edge 37-1 1 for blank- 
ing, a cun^ent absorbed by the knife edge is measured 
by a current meter 39-11 , and the amount of irradiation 
per unit area is calculated by an irradiation amount cal- 
culating circuit 41-11. This value is stored in a storage 
devtee 45-11 through a CPU 43-11. The irradiation 
amount calculating circuit 41-11 , CPU 43-11 , and stor- 
age device 45-11 are included In a control unit 2 (Fig. 1 ). 
[0220] Further, when the resulting amount of irradia- 
tion per unit area increases to a predetemnined value, 
for example, 2 \ic/cw^ or more, an electron gun control 
power supply 47-11 is controlled by an instruction from 
the CPU 43-11 to reduce a voltage applied to a Wehnelt 
electrode 721b, thereby reducing a beam cun-ent and 
the amount of irradiation. Also, if the amount of irradia- 
tion per unit area exceeds, for example, 3 ^c/cm^ due 
to a delay in control, in^adiation amount data related to 
the pertinent irradiated region is only output from an out- 
put device 49-11, while the evaluation is continued. In 
this event, the entire surface of the wafer is displayed 
on a CRT and a region irradiated with an excessive 
amount of irradiation is colored, as illustrated in an upper 
region of Fig. 52, to display for the operator. Further, 
when the amount of irradiation per unit area exceeds a 
larger value, for example, 5 ^ic/cm^, the evaluation is 
once stopped. 

[0221] Fig. 52 is a diagram for explaining how to 
measure the amount of irradiation to the wafer W. The 
wafer W is divided into a large number of chips 53-11 , 
each of which is divided into regions 55-11, called a 
stripe, in parallel with a direction in which the stage Is 
continuously moved (in the Y direction in the illustrated 
example). Image data is acquired as the stage is moved 
in stripe widths. An enlarged view of the stripe is shown 
in a lower region of Fig. 52. Within a stripe 55-11 , nine 
multiple beams 66-11 fonned in the primary optical sys- 
tem are arranged in the X direction, for example, at 
equal inten/als of 1 00 ^m. These beams are scanned in 
the X direction over a width of 102nm (a range indicated 
by 58-11 in the figure). A width of 1 fim on each side of 
100 Jim range is a scanned region which overiap with 
an adjacent beam or an adjacent stripe. 
[0222] Viewed at a certain time during acquisition of 
image data, all of the nine multiple beams 56-11 fall un- 
der a region of 900 ^im x 900 square indicated by 
57-11. This region is defined as a unit area. If a beam 
current per unit area becomes abnormally large during 
acquisition of image data, the output device 49-11 out- 



puts how many times the beam current per unit area of 
900 ^m X 900 urn indicated by 57-1 1 has increased more 
than a normal magnitude. 

[0223] As described above, the beam current is 
5 measured by measuring a current absori^ed by the knife 
edge 37-11 in fly-back of scanning. This measurement 
involves repetitions of periodic image data acquisition 
and current measurement in such a manner that, for ex- 
ample, after image data is acquired by scanning the 
10 beam for 10 ^is, the current is measured for 1 ^is, and 
after image data is again acquired for 1 0 ^s. the current 
is measured for 1 p.s. Then, only when the measured 
current exceeds a predetermined value, this measure- 
ment is output as an abnormal cun-ent. For example, in 
15 Fig. 52, if the beam current exceeds a defined value dur- 
ing acquisition of image data for a solid black region of 
a chip indicated by 59-11 , this region is colored for dis- 
play on a monitor 

[0224] The defined value for the beam current can be 
20 detemnined based on experiment data on the amount of 
irradiation and breakdown of a gate oxide film, and as 
a value multiplexed by a sufficiently safety coefficient in 
an actual integrated circuit or TEG (Test Element 
Group). 

25 [0225] Also, when the beam current per unit area be- 
gins to increase from a normal value which is set lower 
than the defined value, a voltage applied to the Wehnelt 
electrode 721 b of the electron gun in Fig. 51 is increased 
to reduce an electron gun current to reduce the beam 

30 current. 

[0226] The electron beam apparatus according to this 
embodiment can adjust a focusing condition and an en- 
largement ratio of the secondary optical system inde- 
pendently of a lens condition in the primary optical sys- 

35 tem. Also, since an upper limit is determined for the 
amount of irradiation to a sample per unit area, the per- 
formance and reliability of the sample will not be affect- 
ed. Furthermore, the beam current can be adjusted with 
a simple manipulation. 

40 [0227] Fig. 53 illustrates another embodiment of the 
electron beam apparatus according to the present in- 
vention. This electron beam apparatus adds a device 
for applying a decelerating electric field between an ob- 
jective lens and a wafer, and a device for preventing a 

^5 discharge of the wafer to the electron beam apparatus 
illustrated in Fig. 8. Therefore, description on compo- 
nents and operations identical to those of the electron 
beam apparatus in Fig. 8 is omitted, and operations re- 
lated to the newly added components will be described 

50 in detail. 

[0228] It is generally known that a secondary electron 
detection efficiency is increased by utilizing reduced 
chromatk: and spherical aberrations of primary electron 
beams by applying a decelerating electric field between 
55 an objective lens and a wafer, and accelerating second- 
ary electrons. However, if the sample is a wafer contain- 
ing vias, attention should be paid. Specifically, when a 
large decelerating electric field is applied between the 
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objective lens and wafer, and a predetermined value or 
more of primary electron beams are passed, this will end 
up on a discharge occurring between a via and the ob- 
jective lens, possibly damaging device patterns formed 
on the wafer. There are wafers more susceptible and s 
less susceptible to such a discharge, and the respective 
wafers are different in the condition under which a dis- 
charge occurs (the value of decelerating electric field 
voltage, and the amount of primary beam cun-ent). 
[0229] In the electro-optical system 70 In the electron to 
beam apparatus illustrated in Rg. 53, an objective lens 
726 is implemented as an electrostatic lens, and a pos- 
itive high voltage is applied to either of electrodes of the 
lens. On the other hand, the wafer W is applied with a 
negative high voltage by a voltage source 20-1 2. In this 
manner a decelerating electric field is formed between 
the objective lens 726 and wafer W. 
[0230] When the wafer W Is fomied with vias, primary 
electron beams incident into a via causes a large 
amount of secondary electrons to be emitted therefrom 20 
since the vias are made of a metal having a high atomic 
number such as tungsten. Also, there are sharp metal 
patterns of submicron diameters located near vias, so 
that a larger electric field is locally generated by the de- 
celerating electric field. For these reasons, the wafer 25 
formed with vias is quite susceptible to a discharge. 
[0231] However, a discharge does not immediately 
occur even if such a condition is fully established. First, 
a corona discharge occurs, wherein a residual gas lo- 
cally illuminates In a region in which a large electric field 30 
exists, and a transient state called a spark discharge 
next appears, followed by a transition to an ark dis- 
charge. In the present specifications, a period from the 
corona discharge to the outset of the spark discharge is 
called "a discharge leader phenomenon". It has been 35 
found that an arc discharge can be avoided to prevent 
the wafer from being broken by reducing the beam cur- 
rent to reduce the primary electron beams to a fixed 
amount or less, or reducing the decelerating electric 
field voltage between the objective lens 726 and wafer 
W, or taking both of these actions at the time of this dis- 
charge leader phenomenon. 

[0232] Also, since wafers more susceptible to a dis- 
charge and wafers less susceptible to a discharge differ 
in the decelerating electric field voltage and the amount "fs 
of primary electron beams with which a discharge oc- 
curs, it is desirable to know limit values for preventing a 
discharge for each wafer without fixing these values at 
low levels. 

[0233] The electron beam apparatus illustrated in Fig. so 
53 comprises a photo-muttiplier tube (PMT) 19-12 and 
a wafer current meter 21 -12 as a detector for detecting 
a discharge between the wafer W and objective lens 726 
or the discharge leading phenomenon to generate a sig- 
nal. The PMT 19-12 can detect light emission due to a 55 
corona discharge and an arc discharge, and the wafer 
current meter 21-12 can detect an abnomial cun-ent at 
the outset of a corona discharge and an ark discharge. 



[0234] When the PMT 19-12 detects light emission 
due to a corona discharge or the wafer current meter 

21- 12 detects an abnormal current at the time of the dis- 
charge leader phenomenon, the infonnation is input to 
a CPU 22-12 in a control unit 2 (Fig. 1). A voltage of 
decelerating electric field and a beam current value (cor- 
responding to the amount of primary electron beams) of 
the electron gun 1 serve as basic data for determining 
the condition for preventing a discharge. The CPU 

22- 12, In response to the input Indicative of the light 
emission or abnormal current, or both, conducts a con- 
trol, i.e., reduces the voltage 20-12 of decelerating elec- 
tric field, or sends a feedback signal to an electron gun 
721 to reduce the beam current to reduce the primary 
electron beams to a fixed amount or less so as to pre- 
vent a discharge. The CPU 22-21 may conduct both of 
these controls. 

[0235] While both of the PMT 1 9-12 and wafer current 
meter 21-12 are preferably used, one of them may be 
omitted. 

[0236] Fig. 54 shows the arrangement of devices on 
a single wafer W. While a plurality of rectangular chips 

31- 12 are taken from the circular wafer W fragmentary 
chips, which are less than complete chips, exist in pe- 
ripheral regions, as indicated by reference numerals 

32- 12, 33-12. These fragmentary chip regions are also 
subjected to normal lithography and a variety of proc- 
esses In a manner similar to the region of the complete 
chips 31-12. On the other hand, since these fragmentary 
chips are not used as products, these regions may be 
broken without any problem. Therefore, when the re- 
gions of these fragmentary chips 32-1 2, 33-12 are used 
to not only detect the discharge leader phenomenon but 
also detect a discharge phenomenon without fear for 
breakdown, more correct detemiinationcan be made as 
to the condition for preventing a discharge. In this event, 
the PMT 19-12 detects light emission due to an arc dis- 
charge, while the wafer cun-ent meter 21 -12 detects an 
abnormal current at the time of the arc discharge to send 
a signal to the CPU 22-12. In this manner, the CPU 
22-12 can correctly indicate a voltage value for the de- 
celerating electric field and the beam current value (cor- 
responding to the amount of primary electron beams) 
as limit values at which no discharge occurs. 

[0237] Since the electron beam apparatus described 
with reference to Figs. 53 and 54 can set the limit con- 
dition for preventing a discharge in accordance with the 
discharge characteristics of a sample, the sample can 
be prevented from a failure. 

[0238] Fig. 55 illustrates a further embodiment of the 
electron beam apparatus according to the present in- 
vention. In this embodiment, an energy filter device Is 
added to the electron beam apparatus illustrated in Fig. 
43. Therefore, description on components and opera- 
tions Identical to those of the electron beam apparatus 
in Fig. 43 is omitted, and operations related to the newly 
added components will be described In detail. 
[0239] In the electro-optical system 70 In the electron 
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beam apparatus illustrated In Fig. 55. electron beams 
emitted from four locations on the surface of a wafer W 
Irradiated with four primary electron beams are drawn 
by a positive voltage applied to one electrode 1 7-8 which 
fom^ part of an objective lens 8-8. The wafer W Is ap- 
plied with a lower voltage by an electrode 18>1 , which 
is axially symmetrically disposed on the near side of the 
electrode 1 7-8 from the wafer W, to filter the drawn sec- 
ondary electron beams. Specifically, it is detemnined 
whether the secondary electron beams pass the objec- 
tive lens, or Is returned to the wafer W, depending on 
whether they can pass over a potential barrier on the 
axis created by the electrode 18-8 which acts as an en- 
ergy filter. 

[0240] Out of the secondary electrons emitted from 
the surface of the wafer W, those emitted from a pattern 
having a low voltage pass the barrier created by the 
electrode 1 8-8, whereas those emitted from a pattern 
having a high voltage cannot pass the electrode 18-8. 
From this difference, it is possible to measure a potential 
of a pattern on the wafer in^adiated with the primary elec- 
tron beams. 

[0241] Alternatively, instead of applying a charge by 
irradiation of electron beams, the wafer W may be ap- 
plied with a predetemained voltage by a power supply 
19-8 through a connector 20-8 to measure a voltage or 
a current of a circuit pattern on the wafer W, thereby 
determining disconnection and short-circuit of the circuit 
pattern. In this event, since a time for applying a charge 
can be saved, a high throughput can be provided. 
[0242] Since the electron beam apparatus illustrated 
in Fig. 65 can select whether a potential is applied to a 
wiring pattern on a sample or wafer from a connector or 
from electron beams, an increased degree of freedom 
can be attained for measurements. Also, since the en- 
ergy filter (i.e., the electrode 1 8-8) Is an axially symmet- 
ric electrode and has a large hole near the optical axis, 
distortion and aberration of blur will not occur which 
would otherwise be experienced when a mesh electrode 
was used, when the primary electron beams are 
scanned. 

[0243] Fig. 56 illustrates another embodiment of the 
electron beam apparatus according to the present in- 
vention. This embodiment provides an electrostatic de- 
flector 21-14 between the two enlarging lenses 741 , 742 
in the secondary optical system of the electron beam 
apparatus illustrated in Fig. 8, and pemnits an alignment 
in the enlarging lens 742 by the electrostatic deflector 
21-14. 

[0244] In connection with the electron beam appara- 
tus illustrated in Fig. 56. processing involved in a defect 
test of a wafer W will be described. It goes without saying 
that the processing involved in the defect test according 
to the present invention, described below, can be ap- 
plied to the electron beam apparatus which uses an 
electro-optical system of an arbitrary embodiment ac- 
cording to the present invention. 
[0245] First, before describing the processing in- 



volved in the defect test according to the present inven- 
tion, processing involved in a conventional defect test 
will be described. Conventionally, the following method 
has been prevalent. 
5 [0246] On a wafer formed with a large number of the 
same type of dies in design, secondary electron images 
are compared between the dies. For example, if a sec- 
ondary electron image of a die detected first is not sim- 
ilar to a secondary electron image of another die detect- 
10 ed at the second time (I.e., a difference between the sec- 
ondary electron images is larger than a reference val- 
ue), the second die is determined to have a defect if an 
Image of a different die detected at the third time is iden- 
tical or similar to the first image (I.e., a difference be- 
15 tween the secondary electron images is smaller than the 
reference value). 

[0247] A similar method can be applied to a mask or 
a wafer which is formed with two or more type of chips. 
In this event, secondary electron images are compared 
for the same corresponding locations on these chips. If 
a difference is found at the same location as a result of 
a comparison of one chip with the other, it can be deter- 
mined that either one is defective. Also, it is possible to 
eventually detemnine whether any chip is defective from 
a comparison with the same location on the remaining 
chip. 

[0248] However, there are several objects under test- 
ing which cannot be supported by the conventional de- 
fect testing apparatus as follows: 

(i) When a mask is to be tested, the mask cannot 
be tested for defects unless two or more chips are 
fomried on the same substrate. On the other hand, 
such two-take masks tend to be reduced in future. 

(ii) When a test is desired for checking whether or 
not a correction for a proximity effect was appropri- 
ate in a transfer from a mask to a wafer, the detec- 
tion of defects becomes difficult. This is because 
even if a corrective effect is inappropriate, similar 
distortion appears with good reproductivity between 
adjacent dies, and the presence or absence of de- 
fects cannot be determined in a die-to-die relative 
comparison. 

(iii) When it is desired to remove the presence or 
absence of a problem inherent to a transfer device 
from a mask to a wafer, for example, c9nnections 
of stripes overiapping at all times, and the presence 
or absence of a certain problem on the reproductiv- 
ity such as a rotation error remaining in a boundary 
between main fields, it is difficult to detect such de- 
fects. This is due to similar reasons to those of the 
problem (ii). 

[0249] In a defect testing station according to the 
present invention, as described below, a defect testing 
method and apparatus, capable of conducting a defect 
test based on a relative comparison between different 
locations In a logically identical form, can detect defects 
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in regions under testing in which the defect test is im- 
possible or difficult with such a relative comparison. 
[0250] In Fig. 56. the image processing unit 763 gen- 
erates a partem image on the surface of a wafer W 
based on electric signals from the detectors 761 , as de- 5 
scribed above, and the generated pattern Image is sup- 
plied to a defect detector 50-1 4. Functional blocks of the 
defect detector 50-14 is illustrated in Fig. 57. As illus- 
trated in Fig. 57, the defect detector 50-14 includes a 
control circuit 51 -14 for controlling/managing respective io 
components to detemnlne defects on the wafer W; a pat- 
tern image comparator circuit 52-14 for executing a 
comparison based on secondary electron pattern imag- 
es; a pattern image memory 53-14 for storing the sec- 
ondary electron pattern images; a pattern data memory is 
54-14 for storing pattern data which is logical data of 
patterns formed on the wafer W; and a logical pattern 
image forming circuit 55-14 for fonrting logical pattern 
images to be compared with an actual secondary elec- 
tron pattern image. 20 
[0251] The pattern image comparator circuit 52-14 
has a first mode for comparing secondary electron pat- 
tern images at the same locations (for example, dies 
when a wafer is concerned) on the wafer W in design; 
and a second mode for comparing an actual secondary 25 
electron pattern image at a particular location on the wa- 
fer W with a logical pattern image corresponding to that 
location. The pattern image comparator circuit 52-14 
outputs differential data 59-14 indicative of a difference 
between two images which are compared to the control 50 
circuit 51-14. Since the compared images are more sim- 
ilar as the value of the differential data 59-14 is smaller, 
the control circuit 51-14 can determine matching or un- 
matching of the two images based on this differential 
data 59-1 4. The secondary electron pattern image used 35 
by the pattem image comparator circuit 52-14 may be 
one directly sent from the image processing unit 14-14, 
or one stored in the pattern image memory 53-1 4. These 
pattem images can be arbitrarily switched In a preferred 
manner. 

[0252] A display unit 57-14 is connected to the control 
circuit 51 -1 4 for displaying results of comparisons and 
determinations, and the like. The display unit 57-14 may 
be comprised of a CRT, a liquid crystal display, or the 
like, and can display a defect pattem 58-1 4, secondary ^5 
electron pattern images, the number of defective loca- 
tions, and the like. 

[0253] The pattern data stored in the pattern data 
memory 54-14 includes, for example, mask pattern in- 
formation and the like which is provided from an input 50 
unit 56-14 installed outside. This input unit 56-14 can 
enter instructions of the operator to the defect tester 
50-14, and be implemented by a computer whk:h has 
installed therein software capable of creating pattern da- 
ta. 55 
[0254] Next, the flow of processing involved in the de- 
fect detection will be described along a flow chart of Fig. 
58. First, a secondary electron image pattem at a loca- 



tion under testing on a wafer W is acquired (step S300). 
Details on this step will be described later. Next, it is de- 
termined whether the wafer W is a wafer or a mask (step 
S302). When it is a wafer, it is detennined whether or 
not the location under testing is highly susceptible to dis- 
tortion in pattern formation due to distortion in a transfer 
optical system in a transfer from a mask to the wafer or 
due to charge- up when a pattern is fonmed (a first factor) 
(step S304). Such a location has been previously 
mapped in a memory of the control circuit 51-14, or ac- 
quired from infomnation from the input unit 56-14. 
[0255] If the location under testing is highly suscepti- 
ble to distortion in pattern formation due to the first factor 
(affimriative determination at step S304), the pattern im- 
age comparator circuit 52 compares the secondary 
electron Image pattern at the location under testing with 
a logical pattem con'esponding to that location (second 
mode) (step 8310). After the comparison, differential 
data 59- 1 4 between both patterns is output to the control 
circuit 51-14. 

[0256] If the location under testing is not susceptible 
to distortion in pattem fomriatlon due to the first factor 
(negative detemiination at step S304), the flow pro- 
ceeds to the next determination step S306. In this step, 
it is determined whether the location under testing is 
highly susceptible to distortion in pattem fomnation due 
to a proximity effect or an incorrect correction for the 
proximity effect in a transfer from the mask to the wafer, 
or a defective stripe connection or a defective field con- 
nection (second factor) (step S306). 
[0257] If the location under testing is highly suscepti- 
ble to the distortion in pattem formation due to the sec- 
ond factor (affirmative detemiination at step S306), the 
pattern image comparator circuit 52-14 compares the 
secondary electron image pattern of the location under 
testing with the logical pattern coresponding to that lo- 
cation (second mode) in a similar manner (step S310). 
[0258] If the location under testing is not susceptible 
to the distortion in pattem formation due to any of the 
first and second factors (negative determination at step 
S306), the logically identical locations are compared 
with each other (first mode) (step S312). As described 
above, this is a step for comparing the secondary elec- 
tron image pattem of the location under testing with a 
secondary electron image pattem at a location, which is 
a location different from the location of interest, but is 
formed with a logbally identical pattern, to output differ- 
ential data between the two. With a wafer, a die-to-die 
comparison is mainly performed in many cases. 
[0259] On the other hand, if the wafer W is determined 
to be a mask at step S302, it is detennined whether or 
not this mask is a two-take mask on which two or more 
of the same type of chips are fomied (step S308). With 
a two-take mask (affinnative determination at step 
S308), logically identical locations are compared with 
each other over two or more of identically formed chips 
(step S31 2). If the mask is not a two-take mask (negative 
detemiination at step 8308), it is compared with a logical 
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pattern image (step S3 10). 

[0260] After the comparisons as described above, the 
control circuit 51-14 determines the presence or ab- 
sence of defects based on the calculated differential da- 
ta 59- 1 4 (step S3 1 4) . I n a comparison with a logical pat- s 
tern image, "not defective" Is determined when the value 
of the differential data 59-14 falls within a predetermined 
threshold value, and "defective" is detemnined when It 
exceeds the threshold value. 

[0261 1 A delemnlnation method for use with the com- io 
parison of logically identical locations with each other 
proceeds as follows. For example, Fig. 59[A] shows an 
image 31-14 of a die detected at the first time and an 
Image 32-1 4 of another die detected at the second time. 
If it is determined that the die image 31 -1 4 is dissimilar 
to the die image 32-14 (i.e., the differential data value 
exceeds the threshold value), and an image of a differ- 
ent die detected at the third time Is identical or similar 
to the first image 31-14 (i.e., the differential data value 
is equal to or less than the threshold value), it is deter- 20 
mined that the second die Image 32-14 is defective. 
When using a more sophisticated comparison and 
matching algorithm, It is also possible to detect a defec- 
tive portion 33-14 In the second die Image 32-14. 
[0262] When detemnining to be defective as a result 25 
of the defect detemnination (affimiative determination at 
step 8316), information on defects Is displayed on the 
display unit 57-14 (step S31 8). For example, there may 
be the presence or absence of defects, the number of 
defects, information on defective locations (positions), 30 
and the like. Also, for example, a defective pattern im- 
age such as the second die image 32-14 in Fig. 59(A] 
may be displayed. In this event, a defective portion may 
be marked. 

[0263] Next, it is detennined whether or not the wafer 35 
W has been tested over the entire region under testing 
(step S320). When the test is not completed (negative 
detennination at step 8320), the flow returns to step 
8300, from which similar processing is repeated for the 
remaining region under testing. When the test is com- 
pleted (affirmative detemnination at step S320), the de- 
fect test processing is terminated. 
[0264] I n the foregoing manner, for testing a wafer for 
defects in this embodiment, a comparison is first per- 
formed on a die-to-die basis for testing (step 831 2), and 45 
then the die Is compared with a logical pattern image for 
a location at which no defect can be detected by such 
a comparison due to similar defects occun^ing in the dies 
(step 8310). Since such defects appear in all dies in a 
distorted region of Interest with good reproductivity, it Is so 
sufficient to test only one die for the defects in the dis- 
torted region at step S310. In the flow chart of Fig. 58, 
such locations at which reproducible defects may be 
present are detemnined at steps 8304 and 306. 
[0265] Further, this embodiment can implement a de- 55 
feet detection for a mask irrespective of whether or not 
it is a two-take mask. 

[0266] Since the secondary electron acquisition proc- 



ess at step S300 in Fig. 58 is similar to the description 
made in connection with the first embodiment in Rg. 8, 
description thereon is omitted. 
[0267] The defect detector 50-1 4 can also conduct the 
following defect test. 

[0268] Rg. 59[B] shows an example of measuring a 
line width of a pattern formed on a wafer. An actual pat- 
tern 34-14 on the wafer Is scanned in a direction 35-14 
to generate actual secondary electrons, the intensity 
signal of which is indicated by 36-14. A width 38-14 of 
a portion in which this signal continuously exceeds a 
threshold level 37-14 previously detennined through 
calibration can be measured as the line width of the pat- 
tern 34-14. If the line width measured in this manner 
does not fall under a predetemiined range, it can be de- 
tennined that the pattern is defective. 
[0269] A line width measuring method in Fig. 59C can 
also be applied to a measurement of an alignment ac- 
curacy between respective layers when a wafer W Is 
formed of a plurality of layers. For example, a second 
alignment pattern formed in the second layer lithogra- 
phy has been previously fonned near a first alignment 
pattern formed In the first layer lithography. The align- 
ment accuracy between the two layers can be deter- 
mined by measuring the spacing between the two pat- 
terns by applying the method In Fig. 59[B], and compar- 
ing the measured value with a design value. Of course, 
this method can be applied as well to a wafer fomned of 
three or more layers. In this event, the alignment accu- 
racy can be measured with a minimum amount of scan- 
ning if the spacing between first and second alignment 
patterns is chosen to be substantially equal to a spacing 
between adjacent beams of a plurality of primary elec- 
tron beams in the electro-optical system 70. 
[0270] Fig. 59C shows an example of measuring a po- 
tential contrast of a pattern fonmed on a wafer. In the 
electro-optical system 70 illustrated in Fig. 56, an axially 
symmetric electrode 730 is provided between the objec- 
tive lens 726 and wafer W, and is applied, for example, 
with a potential of -10V with respect to a potential of 0 
V on the wafer. An equi-potential surface at -2 V in this 
event has a shape as indicated by 40-14 in Fig. 59(c). 
Assume herein that patterns 41-14 and 42-14 formed 
on the wafer are at potentials of -4 V and 0 V, respec- 
tively. In this event, secondary electrons emitted from 
the pattern 41-14 have an upward speed corresponding 
to the motion energy of 2 eV on the equi-potential sur- 
face 40-14 at -2V, so that they pass over this potential 
barrier 40-14, exit the electrode 730 as indicated by a 
trajectory 43-14, and are detected by the detectors 761 . 
On the other hand, secondary electrons emitted from 
the pattern 42-14 cannot pass over the potential bamer 
at -2 V, and are driven back to the surface of the wafer 
as Indicated by a trajectory 44-14, so that they are not 
detected. As such, a detected image of the pattern 

41- 14 is bright, while a detected image of the pattern 

42- 14 is dark. Consequently, a potential contrast can be 
acquired for the region under testing on the wafer W. 
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The potential of a pattern can be measured from a de- 
tected image if the brightness and potential of the de- 
tected image have been previously calibrated. Then, a 
defective portion of the pattern can be detected by eval- 
uating this potential distribution. 
[0271] In Fig. 56, a blanking deflector 1 7-14 is provid- 
ed to deflect primary electron beams to a knife edge 
shaped beam stopper (not shown) positioned near a 
cross-over PI at a predelennined period to repetitively 
pass the beams only for a short time period and block 
the beams for the remaining time period, thereby mak- 
ing it possible to create a bundle of beams having a short 
pulse width. When such beams having a short pulse 
width are used to measure a potential on a wafer and 
the like, the operation of a device can be analyzed at a 
high temporal resolution. In other words, this defect test 
can be used as a so-called EB tester. 
[0272] As described above, since the defect test can 
altemately compare images of different locations in a 
logically identical form on a sample or compare a logical 
standard image with an actually generated image, the 
test can be conducted with a high accuracy and a high 
throughput irrespective of whether or not potential de- 
fects are reproducible. Also, since reproducible defects 
and non-reproducible defects can be tested with the 
same apparatus, a foot print of a clean room can be re- 
duced. 

[0273] Referring to Figs. 60 through 66, description 
will be made on the processing for preventing a degrad- 
ed accuracy for the defect detection even when a mis- 
registration occurs between an image of secondary 
electron beams acquired by scanning primary electron 
beams over a region under testing on the surface of a 
wafer and a previously provided reference image during 
the defect test processing. Such misregistration consti- 
tutes a particularly grave problem when a region irradi- 
ated with the primary electron beams deviates from a 
wafer W to cause a portion of a test pattern to be lost in 
a detected image of secondary electron beams. This 
problem cannot be accommodated simply by optimizing 
a matching region within the detected image. Moreover, 
this is regarded as a critical disadvantage particulariy in 
a test of highly defined patterns. 
[0274] Fig. 60 illustrates a defect detecting apparatus 
which employs the multi-beam based electro-optical 
system 70 in the electron beam apparatus illustrated in 
Fig. 8. This defect testing apparatus is comprised of an 
electron gun 1-15 for emitting primary electron beams; 
an electrostatic lens 2-15 for deflecting and reshaping 
the emitted primary electron beams; an ExB deflector 
3-15 for directing the reshaped primary electron beams 
through a field in which an electric field E is orthogonal 
to a magnetic field B and substantially perpendicular to 
a wafer W; an objective lens 10-15 for focusing the pri- 
mary electron beams on the wafer W; a stage apparatus 
50 movable in a horizontal plane with the wafer W car- 
ried thereon; an electrostatic lens 6-1 5 for enlarging sec- 
ondary electron beams emitted from the wafer W by the 



irradiation of the primary electron beams; detectors 7-15 
for detecting an enlarge Image as a secondary electron 
image of the wafer W; and a controller 16-15 for control- 
ling the entire apparatus and for fomiing an image from 

s a secondary electron signal detected by the detectors 7 
to detect defects on the wafer W based on the image. 
The controller 16-15 is included in a control unit 2 (Fig. 
1). While images based on scattered electrons and re- 
flected electrons, not limited to the secondary electrons, 

10 can be acquired as the electron image, described herein 
is a secondary electron image selected as the electron 
image. 

[0275] An axially symmetric electrode 12-15 is addi- 
tionally interposed between the objective lens 1 0-1 5 and 

15 wafer W. A control power supply is connected to this ax- 
ially symmetric electrode 12-15 for controlling a filtering 
effect of secondary electrons. 
[0276] The detector 7-1 5 may be in an artsltrary con- 
figuration as long as it can convert secondary electron 

20 beams enlarged by the electrostatic lens 6- 1 5 to a signal 
which can be subsequently processed. 
[0277] As illustrated in Fig. 60, the controller 6-1 5 may 
be implemented by a general-purpose personal compu- 
ter or the like. This computer comprises a controller 

25 body 14-15 for executing a variety of controls and oper- 
ational processing in accordance with a predetennined 
program; a monitor 15-15 for displaying results of 
processing perfonned by the body 14-15; and an input 
unit 18-15 such as a keyboard, a mouse and the like for 

30 the operator to enter instructions. Of course, the con- 
troller 1 6-1 5 may be implemented by hardware dedicat- 
ed to a defect testing apparatus, or a workstation or the 
like. 

[0278] The controller body 14-15 is comprised of 

35 CPU, RAM, ROM, hard disk, a variety of control boards 
such as a video board, and the like, not shown. On a 
memory such as RAM or hard disk, a secondary elec- 
tron image storage region 8-15 is allocated for storing 
electric signals received from the detectors 7-15, i.e., 

"^0 digital image data on a secondary electron image of the 
wafer W. Also, on the hard disk, a reference image stor- 
age unit 13-15 exists for previously storing defect-free 
reference image data on the wafer. The hard disk further 
stores a defect detection program 9-15, other than a 

45 control program for controlling the entire defect testing 
apparatus, for reading the secondary electron image da- 
ta from the storage region 8-15 to automatically detect 
defects on the wafer W in accordance with a predeter- 
mined algorithm based on the image data. As described 

50 later in greater detail, the defect detection program 9-15 
has a function of matching a reference image read from 
the reference image storage unit 13-15 with an actually 
detected secondary electron beam image to automati- 
cally detect a defective portion, and display an alamn for 

55 the operator when detennining defective. In this event, 
the secondary electron image 17-15 may be displayed 
on the monitor 1 5-1 5 for warning. 
[0279] In the defect test processing, as illustrated in 
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the flow of a main routine in Fig. 61. a wafer W under 
testing is first set on the stage apparatus 50 (step S400). 
This may be performed, as previously illustrated in Fig. 
1 , by automatically setting a large number of wafers W 
stored tn a loader one by one onto the stage apparatus 
50. 

[0280] Next, the defect testing apparatus acquires 
each of images of a plurality of regions under testing 
displaced from one another, while partially overlapping 
on an X-Y plane on the surface of the wafer W (step 
S404). As Illustrated in Fig. 62, a plurality of regions un- 
der testing to be acquired refer to rectangular regions 
indicated by reference numerals 32-15a, 32-15b, .... 
32-1 5k, ...J for example, on a surface 34-15 under test- 
ing of the wafer W, which, as appreciated, are displaced, 
while partially overlapping one another, around a test 
pattern 30-15 of the wafer. For example, as illustrated 
in Fig. 63, assume that 25 images 32-15 (images under 
testing) of regions under testing have been acquired. In 
the image illustrated in Fig. 63, a square cell corre- 
sponds to one pixel (or a block unit larger than a pixel), 
and solid black cells of them correspond to image por- 
tions of patterns on the wafer. Details on this step S404 
will be described later in connection to a flowchart of Fig. 
64. 

[0281] Next, image data on a plurality of regions under 
testing acquired at step S404 is compared on a one-by- 
one basis with reference image data stored in the stor- 
age unit 13-15 (step S408 in Fig. 61) to determine 
whether or not defects are present on the surface of the 
waferWundertesting,which are included in the plurality 
of regions under testing. This step involves so-called 
matching between image data, details of which will be 
described later in connection with a flowchart of Fig. 65. 
[0282] If It Is determined from the result of comparison 
at step S408 that defects are present on the surface of 
the wafer W under testing, which are included in the plu- 
rality of regions under testing (affimiative determination 
at step S412). the operator is wamed of the existence 
of the defects (step S41 8). As a warning method, for ex- 
ample, a message notifying the existence of the defects 
may be displayed on the monitor 15-15, and simultane- 
ously, an enlarged Image 17-15 of the pattern in which 
the defects exist may be displayed. Such a defective wa- 
fer may be immediately removed from a wafer chamber 
for storage in a different storage location from defect- 
free wafers W (step S419). 

[0283] If it Is determined from the result of comparison 
at step S408 that the wafer W is free of defects (negative 
determination at step S41 2), It is detennined whether or 
not a region to be tested still remains on the wafer cur- 
rently under testing (step S414). When a region to be 
tested still remains (affirmative detemiination at step 
S41 4), the stage 50 is driven to move the wafer W such 
that another region to be next tested enters a primary 
electron beam irradiated region (step S416). Then, the 
flow returns to step 404 to repeat similar processing for 
the other region. 



[0284] When no region to be tested remains (negative 
detemiination at step S414), or after the defective wafer 
removing step (step S419), it is detennined whether or 
not the wafer W currently under testing is the last wafer, 
5 i.e., whether or not any untested wafer still remains in 
the loader (step S420). When it is not the last wafer (neg- 
ative determination at step S420), the tested wafer is 
stored in a predetermined storage location, and a new 
untested wafer is set instead on the stage apparatus 50 
10 (step S422). Subsequently, the flow returns to step S404 
to repeat similar processing on the new wafer. When it 
is the last wafer (affirmative determination at step S420), 
the tested wafer is stored in the predetermined storage 
location, followed by termination of the entire flow. 
15 [0285] Next, the flow of processing at step S404 will 
be described along the flow chart of Fig. 64. In Fig. 64, 
an image number i is first set to an initial value T (step 
8430). This image number is an identification number 
sequentially given to each of a plurality of images of re- 
gions under testing. Next, an image position (Xj, Yj) is 
detemnined for the region under testing having the im- 
age number i set thereto (step 8432). This image posi- 
tion is defined as a particular position within the region 
for defining the region under testing, for example, the 
center position within the region. At the current time, 
since 1=1 , image position is (Xi , Y,), which corresponds, 
for example, to the center position of a region 32a under 
testing shown in Fig. 62. The image positions have been 
previously detennined for all image regions under test- 
ing, and stored, for example, on the hard disk of the con- 
troller 16-15, and read at step S432. 
[0286] Next, the controller 1 6-1 5 applies potentials to 
deflecting electrodes 19-15 and 3-15 such that primary 
electron beams passing through a deflecting electrode 
1 3-1 5 in Fig. 60 are Irradiated to the image region under 
testing at the image position (Xj, Yj) determined at step 
S432 (step S434 in Fig. 64). Then, primary electron 
beams, emitted from the electron gun 1-15, pass the 
electrostatic lens 2-15, ExB deflector 3-1 5 and objective 
lens 10-15, and is Irradiated to the surface of the set 
wafer W (step S436). In this event, the primary electron 
beams are deflected by an electric field crated by the 
deflecting electrodes 1 9-1 5 and 3-15 and irradiated over 
the entire image region under testing at the image po- 
sition (X|, Yj) on the tested surface 34-1 5 (Fig. 62) of the 
wafer W. When the image number i=1 , the region under 
testing is indicated by 32a-15. 
[0287] Secondary electrons and/or reflected elec- 
trons (hereinafter referred only to the "secondary elec- 
trons") are emitted from the region under testing irradi- 
ated with the primary electron beams. Then, the gener- 
ated secondary electron beams are focused on the de- 
tector 7-15 at a predetermined magnification by the 
electrostatic lens 6-15 in the enlarging projection sys- 
tem. The detector 7-15 detects the focused secondary 
electron beams, converts the secondary electron 
beams to an electric signal, i.e., digital image data for 
each detected device, and outputs the electric signal 
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(step S438). Subsequently, the digital image data of the 
detected image number i is transferred to the secondary 
electron image storage region 8-15 (step S440). 
[0288] Next, the image number i is incremented by 
one (step S442), and it is determined whether or not the 
Incremented image number (i+1) exceeds a constant 
value i|y^x (^^^P S444). This Ijyiy^x indicates the number 
of images under testing to be acquired, and is "25" in 
the aforementioned example in Fig. 63. 
[0289] When the image number i does not exceed the 
constant value i^^y^x (negative detennlnation at step 
S444), the flow again returns to step S332 to again de- 
termine an image position (X|+i, Yj^.,) for the increment- 
ed image number (i+1 ). This image position is away from 
the image position (Xj, Y|) detennlned in the preceding 
routine by a predetermined distance (AXj, AYj) in the X 
direction and/or Y direction. In the example of Fig. 62, 
the region under testing is located at the position (Xg, 
Y2) displaced from (X^, Y^) only in the Y direction, and 
is a square region 32b-15 indicated by a broken line. 
The value of (AXj. AYj) (1=1, 2, .... I^ax) can be deter- 
mined as appropriate from data which empirically indi- 
cates how long a pattern 30-15 on the surface under 
testing 34-15 of the wafer W deviates from the field of 
view of the detector 7-15, and the number and area of 
regions under testing. 

[0290] Then, the processing at steps S432 - 442 is 
sequentially repeated for the regions under testing at 
'max locations. As illustrated in Fig. 62, these regions 
under testing are shifted in position, white partially 
overlapping, on the surface under testing 34-15, such 
that an image position (X^, Y|^) after k times of 
movements reaches an image region 32k-15 under 
testing. In this manner, 25 pieces of image data under 
testing, illustrated in Fig. 63, are fetched in the image 
storage region 8-15. It is understood that the plurality of 
acquired images 32-15 representing the regions under 
testing (images under testing) partially or completely 
cover the image 30a-15 of the pattem 30-15 on the 
surface under testing 34-15 of the wafer W, as illustrated 
in Fig. 63. 

[0291] When the incremented image number i ex- 
ceeds 1^;^ (affirmative detemnination at step S444), the 
flow returns from this subroutine to the comparison step 
(step S408) in the main routine of Fig. 61 . 
[0292] The image data transferred to the memory at 
step S440 is comprised of the Intensity value (so-called 
solid data) of the secondary electrons for each pixel de- 
tected by the detector 7-15. The image data can be 
stored in the storage region 8-15 after subjected to a 
variety of operational processing for matching with a ref- 
erence image at a later comparison step (step S408 in 
Fig. 61). Such operational processing may include nor- 
malization for unifying the size and/or concentration of 
image data to the size and/or concentration of reference 
Image data, processing for removing isolated pixel 
groups which include a predetermined number of pixels 
or less, regarded as noise, and the like. Further, rather 



than simple solid data, the image data may have been 
compressed or converted to a feature matrix which com- 
prises features extracted from a detected pattern to 
such an extent that the detection accuracy is not degrad- 
5 ed for a high definition pattern. Such a feature matrix 
may be, for example, an mxn feature matrix whrch com- 
prises as each matrix element the total sum (or normal- 
ized value derived by dividing the total sum value by the 
total number of pixels in the entire region under testing) 
10 of secondary electron intensity values of pixels included 
in each of mxn blocks (m<M, n<N) divided from a two- 
dimensional region under testing comprised of MxN pix- 
els. In this event, the reference image data is also stored 
in the same representation as that. The image data 
15 herein referred to in the embodiments of the present in- 
vention includes Image data, the features of which are 
extracted by an arbitrary algorithm in this manner, not 
to mention simple solid data. 

[0293] Next, the flow of processing at step S408 will 
be described along the flow chart of Fig. 65. First, the 
CPU of the controller 1 6-15 reads reference image data 
from the reference image storage unit 13-15 into a work- 
ing memory such as RAM (step S450). This reference 
image Is indicated by reference numeral 36-15 in Fig. 
63. Then, the image number i is reset to "1 " (step S452), 
and image data under testing having the image number 
I is read from the storage region 8-16 into the working 
memory (step S454). 

[0294] Next, the read reference Image data is 
matched to the data on the image I to calculate a dis- 
tance value D{ between the two data (step S456). This 
distance value Dj represents a similarity between the 
reference image and the image i under testing, and 
shows that a difference between the reference image 
and image under testing is larger as the distance value 
Is larger. Any amount may be employed as the distance 
value Dj as long as it represents the similarity. For ex- 
ample, when image data is comprised of MxN pixels, 
the secondary electron intensity (or feature amount) of 
each pixel is regarded as each position vector compo- 
nent of an MxN-dimensional space, and the Euclidean 
distance between a reference image vector and an Im- 
age i vector on the MxN-th dimensional space, or a cor- 
relation coefficient may be calculated. Of course, a dis- 
tance other than the Euclidean distance, for example, a 
so-called urban land distance and the like may be cal- 
culated. Further, when the number of pixels is large, the 
amount of calculations becomes immense, so that the 
distance value between image data represented by an 
mxn feature vector may be calculated, as described 
above. 

[0295] Next, it is detemnined whether or not the cal- 
culated distance value D| is smaller than a predeter- 
mined threshold value Th (step S458). This threshold 
value Th is experimentally found as the basis for deter- 
mining sufficient matching between the reference image 
and image under testing. When the distance value Dj is 
smaller than the predetemilned threshold value Th (af- 
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f irmative determination at step S458), the surface under 
testing 34-1 5 of the wafer W is determined as "non de- 
fective" (step S460), followed by the subroutine return- 
ing to the main routine. Specifically, if any of images un- 
der testing substantially matches the reference image, 
the surface under testing is detenmined as "non defec- 
tive." Since all images under testing need not undergo 
the matching in this manner, fast detemiination is pos- 
sible. In the example of Fig. 63, it can be seen that im- 
ages under testing at the third row, third column do not 
shift in position from the reference image and substan- 
tially match the same. 

[0296] When the distance value Dj is equal to or larger 
than the predetermined threshold Th (negative detemii- 
nation at step 8458), the image number i is Incremented 
by one (step 8462), and it is detemnined whether or not 
the Incremented image number (i+1) exceeds the con- 
stant value i^x (^^^P 8464). 
[0297] When the image number i does not exceed the 
constant value iu^vx (negative detennination at step 
S464), the flow returns again to step 8354, where image 
data is read for the Incremented image number (i+1), 
and similar processing is repeated. On the other hand, 
when the image number i exceeds the constant value 
'max (affinnative determination at step 8464), the sur- 
face under testing 34-15 of the wafer W Is detemfiined 
as "defective" (step S466), followed by the flow returning 
from this subroutine. Specifically, when none of the im- 
ages under testing substantially matches the reference 
image, the surface under testing 34-15 of the wafer W 
is determined as "defective." 

[0298] While Fig. 60 shows an example in which the 
electro-optical system of the first embodiment is used to 
conduct a defect test, it goes without saying that a map- 
ping type electron beam apparatus in other embodi- 
ments may be utilized, not limited to the scanning type 
first embodiment. In this event, the image position (Xj, 
Yj) at step S432 in Fig. 64 corresponds to the center 
position of a two-dimensional image which is a combi- 
nation of a plurality of line images acquired by scanning 
multiple beams. This image position (Xj, Yj) is sequen- 
tially changed in subsequent steps by changing an off- 
set voltage of the deflector 727 (Fig. 8), by way of ex- 
ample. The deflector 727 changes a voltage around a 
set offset voltage to perfonm normal line scanning. Of 
course, a deflection device different to from the deflector 
727 may be provided to change the image position (X}, 
Yi). 

[0299] As described above, since a plurality of Images 
of regions under testing mutually displaced while par- 
tially overlapping on a sample are acquired and com- 
pared with a reference image to detect defects, It is pos- 
sible to prevent a degraded test accuracy due to the po- 
sitions of the Images under testing and the reference 
image. 

[0300] As previously described In connection with Fig. 
1 , a wafer to be tested is carried by an atmospheric con- 
veyance system and a vacuum conveyance system, 



aligned on a high precision X-Y stage, and then fixed by 
an electrostatic chuck mechanism or the like, followed 
by a defect test and the like in accordance with a pro- 
cedure of Fig. 66. As illustrated in Fig. 66, first, an optical 
s microscope Is used to confimn the positions of respec- 
tive dies and detect the heights of respective locations 
as required, to store data. The optical microscope is also 
used to acquire optical microscopic images of sites at 
which defects and the like are preferably monitored for 
10 comparison with electron beam images, and the like. 
Next, the apparatus Is applied with Infomiation on pre- 
scriptions in accordance with the type of wafer (after 
which process, whether the size of the wafer is 20 cm 
or 30 cm, and the like). Subsequently, after specifying 
locations to be tested, setting the electro-opticai system, 
and setting testing conditions and the like, the wafer Is 
tested for defects in realtime while images are acquired. 
A high-speed information processing system compris- 
ing algorithms conducts the test through comparison of 
cells, comparison of dies and the like, and outputs the 
result of test to a CRT or the like, and stores the result 
in a storage device, as required. Defects include particle 
defects, abnomnal shape (pattern defect), electric de- 
fects (disconnected wires, vias and the like, defective 
conduction, and the like), and the like. The information 
processing system Is capable of automatically distin- 
guishing such defects from one another classifying the 
defects by size^ and sorting out killer defects (grave de- 
fects which disable the use of a chip, and the like) in real 
time. The detection of electric defects can be achieved 
by detecting abnonnal contrast. For example, irradiation 
of an electron beam (approximately 500 eV) to a defec- 
tively conducting location can result in distinction from 
nomial locations because such location is generally 
charged in positive to cause lower contrast. An electron 
irradiating apparatus used herein refers typically to a 
low-potential energy electron beam irradiator (genera- 
tion of thermal electron, UV/photoelectron) provided 
separately from an electron beam Irradiating apparatus 
for testing In order to emphasize the contrast by poten- 
tial difference. Before irradiating a region under testing 
with an electron beam for testing, this low-potential en- 
ergy electron beam Is generated for irradiation. For an 
image projection system which can positively charge an 
object under testing simply by irradiating the electron 
beam for testing, the low-potential electron beam irradi- 
ator need not be provided in separation depending on 
a particular use. Defects can also be detected from a 
difference in contrast (caused by a difference in the ease 
of flow in the forward direction and opposite direction of 
a device) by applying a wafer with a positive or negative 
potential with respect to a reference potential. This can 
be utilized In a line width measuring apparatus and an 
aligner. 

[0301] As the electro-optical system 70 operates, 
floating target substances are attracted to a high voltage 
region due to a mutual proximity effect (charging of par- 
ticles near the surface), so that organic materials are 
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deposited on a variety of electrodes used for forming 
and deflecting electron beams. Since insulating materi- 
als gradually deposited on surfaces due to charging in 
this manner adversely affect the formation of electron 
beams and the deflecting mechanism, the deposited in- 
sulating materials must be removed on a periodic basis. 
The periodic removal of insulating materials can be car- 
ried out by utilizing electrodes near regions on which in- 
sulating materials are deposited to create a plasma of 
hydrogen, oxygen or fluorine, and a compound including 
them, such as MF, O2, HgO, C|^F|^ in vacuum, maintain- 
ing a plasma potential within the space at a potential at 
which sputter is generated on the surfaces of the elec- 
trodes (several kV, for example, 20 - 50 kV), and remov- 
ing only organic substances through oxidization, hy- 
dronization or fluorination. 

[0302] Next, explanation will be made on a method of 
manufacturing semiconductor devices which Includes 
procedures for evaluating the semiconductor wafers in 
the middle of a manufacturing process or after the proc- 
ess using the electron beam apparatus of the present 
invention. 

[0303] As illustrated in Fig. 67, the method of manu- 
facturing semiconductor devices, when generally divid- 
ed, comprises a wafer manufacturing step S501 for 
manufacturing wafers; a wafer processing step S502 for 
processing wafers as required; a mask manufacturing 
step S503 for manufacturing masks required for expo- 
sure; a chip assembly step S504 for dicing chips formed 
on a wafer one by one and bringing each chip into an 
operable state; and a chip testing step S505 for testing 
finished chips. Each of the steps may include several 
sub-steps. 

[0304] In the respective steps, a step which exerts a 
critical influence to the manufacturing of semiconductor 
devices is the wafer processing step S502. This is be- 
cause designed circuit patterns are formed on a wafer, 
and a multiplicity of chips which operate as a memory 
and MPU are formed in this step. 
[0305] It is therefore important to evaluate a proc- 
essed state of a wafer executed in sub-steps of the wa- 
fer processing steps which influences the manufactur- 
ing of semiconductor devices. Such sub-steps will be 
described below. 

[0306] First, a dielectric thin film serving as an insu- 
lating layer is fonned, and a metal thin film is formed for 
forming wires and electrodes. The thin films are formed 
by CVD, sputtering or the like. Next, the formed dielec- 
tric thin film and metal thin film, and a wafer substrate 
are oxidized, and a mask or a reticle created in the mask 
manufacturing step 8503 is used to fomri a resist pattern 
in a lithography step. Then, the substrate is processed 
in accordance with the resist pattern by a dry etching 
technique or the like, followed by injection of ions and 
impurities. Subsequently, a resist layer is stripped off, 
and the wafer Is tested. 

[0307] The wafer processing step as described is re- 
peated the number of times equal to the number of re- 



quired layers to fonm a wafer before it is separated Into 
chips in the chip assembly step S504. 
[0308] Fig. 68 is a flow chart illustrating the lithogra- 
phy step which is a sub-step of the wafer processing 
5 step in Fig. 67. As Illustrated in Fig. 69, the lithography 
step includes a resist coating step 8521 . an exposure 
step S522, a development step S523, and an annealing 
step 8524. 

[0309] After a resist is coated on a wafer formed with 
10 circuit patterns using CVD or sputtering in the resist 
coating step S521 , the coated resist is exposed in the 
exposure step 8522. Then, in the development step 
S523, the exposed resist is developed to create a resist 
pattern. In the annealing step S524, the developed re- 
15 sist pattern is annealed for stabilization. These steps 
8521 through 8524 are repeated the number of times 
equal to the number of required layers. 
[0310] In the process of manufacturing semiconduc- 
tor devices, a test is conducted for defects and the like 
after the processing step which requires the test. How- 
ever, the electron beam based defect testing apparatus 
is generally expensive and is low in throughput as com- 
pared with other processing apparatuses, so that the de- 
fect testing apparatus is preferably used after a critical 
step which is considered to most require the test (for 
example, etching, deposition (including copper plating), 
CMP (chemical mechanical polishing), planarization, 
and the like). 

[031 1 ] As described above, according to the present 
invention, since semiconductor devices are manufac- 
tured while they are tested for defects and the like after 
termination of each step or sub-step, which requires the 
test, using a multi-beam based electron beam appara- 
tus which presents a high throughput, the semiconduc- 
tor devices themselves can be manufactured at a high 
throughput. It is therefore possible to improve the yield 
rate of products and prevent defective products from be- 
ing shipped. 



Claims 

1 . An electron beam apparatus for irradiating a sample 
with primary electron beams, and detecting second- 
ary electron beams generated from a surface of the 
sample by the irradiation to evaluate the sample 
surface, comprising: 

an electron gun having a cathode for emitting 
primary electron beams, said cathode including 
a plurality of emitters for emitting primary elec- 
tron beams, said emitters being arranged and 
spaced apart from each other on a circle cen- 
tered at an optical axis of a primary electro-op- 
tical system; 

said emitters being arranged such that when 
they are projected onto a straight line parallel 
with a direction In which the primary electron 
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beams are scanned, resulting points on the 
straight line are spaced at equal Intervals. 

2. An electron beam apparatus according to Claim 1 , 
wherein each of said emitters comprises a plurality s 
of emitter chips, and is controlled to emit the primary 
electron beam from one of said emitter chips. 

3. An electron beam apparatus according to Claim 1 

or 2. to 
further comprising an ExB separator, and an objec- 
tive tens for accelerating secondary electrons emit- 
ted from the sample surface, wherein said ExB sep- 
arator separates said secondary electrons from the 
primary electro-optical system and directed to a 
secondary electro-optical system. 

4. An electron beam apparatus according to Claim 3, 
wherein said ExB separator comprises an electro- 
static deflector having six or more electrodes, and 20 
a troidal or saddle-shaped deflector arranged out- 
side said electrostatic deflector. 

5. An electron beam apparatus according to any one 

of Claims 1 - 4, wherein: 25 

said cathode of said electron gun comprises a 
plurality of emitters fomried on an end surface 
facing the primary electro-optical system; and 
said electron gun further comprises a control 30 
electrode having a plurality of apertures. 

6. An electron beam apparatus according to Claim 5, 
wherein: 

35 

said plurality of emitters have bottoms formed 
in the same plane, and said apertures of said 
control electrode are fomned on the same 

plane; and 

said electron gun further comprises a mecha- ^^o 
nism for performing one of an alignment of rel- 
ative inclination and spacing of said two planes, 
and a horizontal alignment of said emitters of 
said cathode to said apertures of said control 
electrode. 45 

7. An electron beam apparatus according to any one 
of Claims 1 - 6. wherein each of said emitters is 
fomned near a bottom thereof in the shape of cone. 

50 

8. An electron beam apparatus according to any one 
of Claims 1 - 7, wherein said cathode is made of a 
material included in a group consisting of LaBg, Ta, 
and Hf. 

55 

9. An electron beam apparatus according to any one 
of Claims 1 - 7, wherein said cathode has said emit- 
ters which are formed by cutting a surface of single 



crystal tantalum having a surface crystal orientation 
of <310>. 

10. An electron beam apparatus according to any one 
of Claims 1 - 7, wherein said cathode has said emit- 
ters which are formed by cutting a surface of single 
crystal hafnium having a surface crystal orientation 

of <100>. 

11. An electron beam apparatus according to Claim 9 
or 1 0, wherein each of said emitters has a plain sur- 
face left at the bottom thereof, said plain surface 
having a diameter of 50 jim or less, or a width of 1 0 
^un or less in a radial direction of a circle centered 
at the optical axis and a width of 100 ^m or less in 
a direction orthogonal to the radial direction. 

12. An electron beam apparatus according to any one 
of Claims 1 - 11 , further comprising: 

a speed detector for detecting a moving speed 
of a stage for carrying the sample thereon; and 
a deflection amount correcting device included 
at least one of the primary and secondary elec- 
tro-optical systems for correcting the amount of 
deflection for at least one of the primary elec- 
tron beams and the secondary electron beams 
in accordance with the moving speed of the 
stage from said speed detector. 

13. An electron beam apparatus according to any one 
of Claims 1-12, further comprising a device for ar- 
bitrarily setting energy of electron beams in a range 
of 0.5 eV or higher. 

14. An electron beam apparatus according to any one 
of Claims 1-13, further comprising: 

an objective lens for accelerating low energy 
electrons emitted from the sample surface; 
an ExB separator for deflecting electrons pass- 
ing through said objective tens toward the sec- 
ondary electro-optical system; and 
a plurality of detectors for delecting the intensi- 
ty of electrons collected through the secondary 
electro-optical system to convert the Intensity 
to an electric signal, 

a spacing between irradiation points of the ad- 
jacent primary electron beams is set largerthan 
a sum of an extending diameter of back scat- 
tered electrons on the sample and an equiva- 
lent blur amount on the sample of the second- 
ary electro-optical system. 

15. An electron beam apparatus according to any one 
of Claims 1-14, wherein the spacing between the 
adjacent primary electron beams is adjusted by 
changing a magnification of an electro-optical sys- 
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tem from a generation unit of the primary electron 
beams to the sample. 

16. An electron beam apparatus according to any one 
of Claims 1-15, further comprising an objective 
lens, and an ExB separator positioned between 
said objective lens and the next lens positioned 
near said electron gun, wherein said primary elec- 
tro-optical system and said secondary electro-opti- 
cal system share a single lens. 

17. An electron beam apparatus according to any one 
of Claims 1-16, further comprising a mechanism 
for adjusting a beam dimension or a beam cunrent 
of the primary electron beams to maximize a con- 
trast or an S/N ratio In a particular pattern in electric 
signals of the secondary electron beams detected 
by said detectors. 

18. An electron beam apparatus according to Claim 1 7, 
wherein said particular pattern is a regular pattern 
having a pitch twice a minimum line width of a pat- 
tern on the sample under evaluation. 

19. An electron beam apparatus according to any one 
of Claims 1-18, further comprising: 

an irradiation amount detector for detecting the 
amount of primary electron beams in^adiated to 
the sample surface; and 
an irradiation amount controller for controlling 
to prevent the amount of inradiated primary 
electron beam per unit area from exceeding a 
previously set predetermined value based on 
the amount of irradiation from said irradiation 
amount detector. 

20. An electron beam apparatus according to Claim 1 9, 
wherein: 

said sample is a semiconductor wafer, 
said electron beam apparatus further compris- 
es a device for controlling to evaluate a surface 
of said semiconductor wafer in units of constant 
stripe widths while continuously moving said 
stage, and 

said irradiation amount controller is adapted to 
control every area smaller than the length in a 
stripe direction of a chip multiplied by a stripe 
width. 

21. An electron beam apparatus according to any one 
of Claims 1 - 20, wherein said sample is a semicon- 
ductor wafer, and said electron beam apparatus fur- 
ther comprises: 

an energy filter including an electrode for selec- 
tively passing therethrough electrons exceed- 



ing particular energy of the secondary electrons 
emitted from wiring patterns on the semicon- 
ductor wafer to direct electrons having energy 
higher than the particular energy to the second- 
5 ary electro-optical system; and 

detemiining unit for comparing a fluctuating 
state of electric signals from said detectors with 
a fluctuating state of electric signals expected 
from a connection relationship of regular wiring 
10 patterns to detemiine defects of the wiring pat- 

terns, said defects including disconnection and 
short-circuit. 

22. An electron beam apparatus according to Claim 21 , 
15 further comprising a device for switching a ground 
voltage and a predetennined voltage for application 
to a connector connected to an external electrode 
of the semiconductor wafer. 

20 23, An electron beam apparatus according to Claim 21 
or 22, wherein said energy filter comprises an axi- 
ally symmetric electrode, and a power supply for ap- 
plying said axially symmetric electrode with a volt- 
age lower than a voltage on the semiconductor wa- 

25 fer. 

24. An electron beam apparatus according to any one 
of Claims 1 - 23, further comprising: 

30 a discharge phenomenon detector for detecting 

a discharge between the sample and the objec- 
tive lens or a leading phenomenon thereof; and 
a condition setting unit for setting a condition 
for preventing a discharge based on an output 
35 from said discharge phenomenon detector. 

25. An electron beam apparatus according to Claim 24, 
wherein said discharge phenomenon detector com- 
prises a photo-multlpller tube (PMT) for detecting 

^0 light generated upon a discharge or a leading phe- 
nomenon, or a sample current meter for detecting 
an abnomnal current generated in the sample upon 
a discharge or a leading phenomenon. 

^5 26. An electron beam apparatus according to Claim 24 
or 25, wherein said condition setting unit Is adapted 
to adjust a voltage of a decelerating electric field be- 
tween the sample and the objective lens or the 
amount of primary electron beams to prevent a dis- 
50 charge. 

27. An electron beam apparatus according to Claim 24. 
wherein said discharge phenomenon detector is 
adapted to detect a discharge or a leading phenom- 

55 enon thereof in a partial region of the sample which 
is not used as a product. 

28. An electron beam apparatus according to any one 
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of Claims 1 - 27, further comprising: 

a plurality of detectors each for detecting the 
intensity of electrons collected through the sec- 
ondary electro-optical system to convert the in- s 
tensity to an electric signal; and 
an image processing unit for processing the 
electric signals from said detectors into image 
data. 



29. An electron beam apparatus according to Claim 28, 
further comprising: 



30. An electron beam apparatus according to Claim 29, 
wherein said second comparator is adapted to com- 
pare an image of a particular location on the sample 
which is expected to suffer defects when a pattern 
under testing is fomied on the sample with a conre- 
spondlng standard pattern image, or with a pattern 
image for the sample which is expected to suffer 
less defects. 

31 . An electron beam apparatus according to Claim 29, 
wherein said second comparator is adapted to com- 
pare an image of a particular location on the sample 
which is expected to suffer any of a situation of a 
proximity effect when a pattern under testing is 
fonned on the sample, defective stripe connection 
or defective field connection with a con^esponding 
standard pattern image. 

32. An electron beam apparatus according to any one 
of Claims 1 - 31 , further comprising: 

an image acquisition device for acquiring a plu- 
rality of images of regions under testing dis- 
placed while partially overiapping one another 
on the sample; 

a storage device for storing reference images; 
and 

a defect detemitning device for determining a 
defect on the sample by comparing a plurality 
of images of the region under testing acquired 
by said image acquisition device with a refer- 



ence image stored in said storage device. 

33. An electron beam apparatus according to any one 
of Claims 1 - 32, wherein said stage apparatus com- 
prises: 

a non-contact supporting mechanism based on 
a hydrostatic bearing, and a vacuum sealing 
mechanism based on differential pumping; and 
a partition positioned between a location 
on the sample surface irradiated with the pri- 
mary electron beams and said hydrostatic 
bearing support of said stage apparatus, for re- 
ducing conductance, 

wherein a pressure difference is produced be- 
tween the electron beam inradlated region and said 
hydrostatic bearing support. 

34. An electron beam apparatus according to Claim 33, 
wherein said partition contains said differential 
pumping structure. 

35. An electron beam apparatus according to Claim 33 
or 34, wherein said partition has a cold trap function. 

36. An electron beam apparatus according to Claim 33, 
34 or 35, wherein two of said partitions are provided 
in the vicinity of an electron beam irradiated position 
and in the vicinity of said hydrostatic bearing. 

37. An electron beam apparatus according to any one 
of Claims 33 - 36, wherein said hydrostatic bearing 
of said stage apparatus is supplied with a gas of dry 
nitrogen or highly pure inert gas. 

38. An electron beam apparatus according to any one 
of Claims 33 - 37, wherein at least surfaces of parts 
of said stage apparatus facing said hydrostatic 
bearing are subjected to a surface treatment for re- 
ducing an emitted gas. 

39. An electron beam apparatus according to any one 
of Claims 1 - 38, wherein: 

the sample is carried on a stage apparatus 
which is accommodated in a housing and sup- 
ported by hydrostatic bearings with respect to 
said housing in a non-contact manner; 
said housing for accommodating said stage ap- 
paratus is evacuated; and 
said electron beam apparatus further compris- 
es a differential pumping mechanism provided 
around a portion of said electron beam appara- 
tus for irradiating the sample surface with the 
primary electron beams for evacuating the irra- 
diated region on the sample surface. 



a first comparator for comparing images, gen- 
erated by said image processing unit, of the is 
same location of different chips on the sample; 
a second comparator for comparing an image 
of a standard pattern for the sample with an ac- 
tual image of the sample generated by said im- 
age processing unit; 20 
a device for operating at least one of said first 
comparator and said second comparator; and 
a device for detennining defects on the sample 
based on at least one of results of comparisons 
perfomned by said first and second compara- 25 
tors. 
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40. An electron beam apparatus according to Claim 39, 

wherein a gas supplied to said hydrostatic bearings 
of said stage apparatus is dry nitrogen or highly 
pure inert gas, said dry nitrogen or said highly pure 
inert gas being exhausted from said housing for ac- 5 
commodating said stage apparatus, pressurized, 
and again supplied to said hydrostatic bearing. 

41 . An evaluation system for evaluating a sample, com- 
prising: 10 

an electron beam apparatus according to any 

one of Claims 1 - 40; 

a working chamber for accommodating a stage 
apparatus and a primary electron beam Irradi- '5 
ating unit of said electron beam apparatus, said 
working chamber being controllable in a vacu- 
um atmosphere; 

a loader for supplying a sample onto said stage 
apparatus within said working chamber; 20 
a potential applying mechanism disposed with- 
in said working chamber for applying the sam- 
ple with a potential; and 
an alignment controller for observing a surface 
of the sample to control alignment for position- 25 
ing the sample with respect to an electro-optk;ai 
system of said electron beam apparatus, 

wherein said vacuum working chamber is 
supported through a vibration isolator for Isolating 30 
vibrations from a floor. 

42. An evaluation system according to Claim 41, 
wherein: 

35 

said loader comprises a first loading chamber 
and a second loading chamber which are at- 
mospherically controllable independently of 
each other, a first conveyer unit for conveying 
a sample between the inside and the 0 utside of ^0 
said first loading chamber and a second con- 
veyer unit provided for said second loading 
chamber for conveying a sample between the 
inside of said first loading chamber to said 
stage apparatus, and 

said evaluation system further comprises an 
mini-environment space partitioned for supply- 
ing a sample to said loader. 

43. An evaluation system according to Claim 41 or 42, so 
further comprising a laser interference measuring 
device for detecting coordinates of an object under 
testing on said stage apparatus, wherein said align- 
ment controller detenmines the coordinates of the 
object under testing making use of a pattem which 55 
exists on the sample. 

44. An evaluation system according to Claim 42, 



wherein positioning of the sample includes rough 

positioning perfomned In said mini-environment 
space, and positioning in X-Y directions and posi- 
tioning in a rotating direction perfomried on said 
stage apparatus. 

45. A method of manufacturing semiconductor devices, 
said method using an electron beam apparatus ac- 
cording to any one of Claims 1 - 40 for evaluation 
such as a defect test for semiconductor devices in 
the middle of or after tenninatlon of a manufacturing 
process. 

46. A method of manufacturing semiconductor devices, 
said method using an evaluation system according 
to any one of Claims 41 - 45 for evaluation such as 
a defect test for semiconductor devices in the mid- 
dle of or after termination of a manufacturing proc- 
ess. 

47. A method of evaluating a sample, using an electron 
beam apparatus comprising a primary electro-opti- 
cal system for irradiating said sample with primary 
electron beams, a detecting system for detecting an 
electron intensity to output an electric signal, and a 
secondary electro-optical system for directing sec- 
ondary electron beams generated from a surface of 
the sample by the irradiation of the primary electron 
beams thereto, wherein, a cathode of an electron 
gun of said primary electro-optical system includes 
a plurality of emitters for emitting primary electron 
beams, said emitters being arranged and spaced 
apart from each other on a circle centered at an op- 
tical axis of a primary electro-optical system, and 
said emitters being arranged such that when said 
emitters are projected onto a straight line parallel 
with a direction in which the primary electron beams 
are scanned, resulting points on the straight line are 
spaced at equal intervals. 

48. A method of evaluating a sample according to Claim 
47, wherein said emitters of said cathode of said 
electron gun are formed on an end surface facing 
the primary electro-optical system; and said elec- 
tron gun further comprises a control electrode hav- 
ing a plurality of apertures. 

49. A method of evaluating a sample according to Claim 
47 or 48, further comprising the steps of: 

accelerating secondary electrons emitted from 
the sample surface by an objective lens; and 
deflecting said secondary electrons to said sec- 
ondary electro-optical system by an ExB sepa- 
rator which comprises an electrostatic deflector 
having six or more electrodes, and a troldal or 
saddle-shaped deflector an^anged outside said 
electrostatic deflector 
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50. A method of evaluating a sample according to Claim 
47. 48 or 49 further comprising the steps of: 

detecting a moving speed of a stage for can7- 
ing the sample thereon; and 
calibrating the amount of deflection for at least 
one of the primary electron beams and the sec- 
ondary electron beams in accordance with the 
moving speed of the stage detected at the 
speed detection step. 

51 . A method of evaluating a sample according to any 
one of Claims 47-50, further comprising the steps 
of: 

adjusting a beam dimension or a beam cunrent 
of the primary electron beams to maximize a 
contrast or an S/N ratio in a particular pattern 
in electric signals of the secondary electron 
beams detected by said detectors. 

52. A method of evaluating a sample according to any 
one of Claims 47 - 51 , further comprising the steps 
of: 

detecting the amount of primary electron 
beams irradiated to the sample surface; and 
controlling to prevent the amount of irradiated 
primary electron beam per unit area from ex- 
ceeding a previously set predetemnined value 
based on the amount of irradiation, obtained 
the step of detecting the irradiated amount. 

53. A method of evaluating a sample according to any 
one of Claims 47 - 52, further comprising the steps 
of: 

detecting a discharge phenomenon between 
the sample and the objective lens or a leading 
phenomenon thereof; and 
setting a condition for preventing a discharge 
based on an output obtained at the step of de- 
tecting the discharge phenomenon. 

54. A method of evaluating a sample according to any 
one of Claims 47-53, further comprising the step of: 

comparing an image of a standard pattern for 
the sample with an actual image of the sample 
generated by said electron beam apparatus, 
wherein an image of a particular location on the 
sample which is expected to suffer defects 
when a pattern under testing is formed on the 
sample with a corresponding standard pattern 
image, or with a pattern image for the sample 
which is expected to suffer (ess defects. 

55. A method of evaluating a sample according to any 



one of Claims 47 - 54, further comprising the steps 
of: 

acquiring a plurality of images of regions under 
5 testing displaced while partially overiapping 

one another on the sample; 
storing reference images; and 
determining a defect on the sample by compar- 
ing a plurality of images of the region under 
testing obtained at the step of acquiring with a 
reference image stored at the step of string. 

56. A method of evaluating a sample according to any 
one of Claims 47 - 55, further comprising the steps 
15 of: 

supporting a stage apparatus for carrying the 
sample by a hydrostatic bearing in a non-con- 
tact manner; 

20 evacuating said stage apparatus by a differen- 

tial pumping mechanism; 
providing a partition positioned between a loca- 
tion on the sample surface iradiated with the 
primary electron beams and said hydrostatic 
25 bearing support of said stage apparatus, for re- 

ducing conductance, to produce a pressure dif- 
ference between the electron beam irradiated 
region and said hydrostatic bearing support. 

30 57. A method of evaluating a sample according to any 
one of Claims 47 - 56, further comprising the steps 
of: 



supporting a stage apparatus for carrying the 
35 sample by a hydrostatic bearing, to a housing, 

in a non -contact manner; 
evacuating said housing containing said stage 
apparatus; 

differential pumping an irradiation region on the 
40 sample on which the primary electron beams 

are radiated. 
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